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TO     THE 


READER. 


H  E  Abridgment  of  the  Phil  o- 
soPHicAL  Transactions, 
begun  by  Mr  Lowtborp,  and  con- 
tinued by  Mr  JoneSy  has  been  al- 
ready fo  well  received,  that  there  is 
no  occafion  for  me  to  trouble  the  Reader  with 
a  f»articular  Account  of  the  prclcnt  Defign.  I 
believe  i  need  only  inform,  him  that  I  have  en- 
deavoured to  follow  the  Method  laid  down  by 
thofe  Gentlemen,  that  I  might  make  the  whole 
Work  appear  as  uniform  as  poffible.  I  have  ven- 
tured to  differ  from  them  in  this ;  that  whereas 
they  have  omitted  a  confiderable  Number  of 
Papers,  I  have  totally  omitted  none.  For  I 
thought  it  would  be  too  great  a  Prefumption  in 
mc,  publickly  to  declare  any  Paper  to  bp  ufe- 
lefs,  which  had  been  read  before  the  Royal 
Society,  and  permitted  by  them  to  be  pub- 
liflied.  I  have  differed  from  them  alfo  in  in- 
fcrting  the  Accounts  of  Books ^  many  of  which 
arc  as  entertaining  and  inftrudlive  to  a  great 
number  of  Readers,  as  any  other  Paper. 

I  have  endeavoured  to  fhorten  the  Papers  that 
came  under  my  Hand,  in  fuch  a  manner  as  not  to 
hurt  their  Senife ;  and  I  flatter  myfelf  that  very 
few  (if  any)  of  the  Learned  and  Ingenious  Au- 
thors 


To  the  READER. 

tliors  of  them  will  accufe  me  of  having  done 
them  any  Injury. 

The  three  firlt  Chapters  of  this  Abridgment 
■were  done  by  (that  Learned  and  Judicious  Mem- 
ber of  the  Roy  A  L  Society)  Mr£^Af£5; 
to  whom  alfo  the  Reader  is  obliged  for  the 
Communication  of  the  late  learned  ProfeiTor 
Gregory\  Difcourfc  upon  Motion,  printed  at 
the  beginning  of  the  Chapter  of  Mechanics. 

In  the  Catalogue  of  Plants  from  the  Botanic 
Garden  at  Cheljey^  I  have  inferted  fifty  more 
than  are  contained  in  the  Philofopbical  Tran^ 
faBions,  within  the  Compafs  of  this  Abridg- 
ment. But  as  thefe  fifty  Plants  had  been  pre- 
fcnted  to  the  Society ;  as  they  belonged  to  the 
Year  1731,  and  as  by  this  means  the  even  num- 
ber of  five  hundred  was  compleated,  I  thought 
I  Ihould  oblige  the  curious  in  Botany  by  in- 
ierting  them. 

If  the  Public  receive  this  Work  favourably,  it 
will  be  eftcemed  an  ample  Recompence  for  many 
Months  affiduous  Application.  And  if  the 
Readers  meet  with  that  Satisfaction,  which 
I  have  endeavoured  to  give  them,  it  will  be 
a  very  great  Pleafure  to  their  humble  Servant, 


Cbel/ey^  JuneS.  1734. 

John  Martytr, 


//  being  of  fame  ufe  to  know  the  Dates  of  the  feveral  Papers^ 
the  folmoing  Table  willjhew  for  what  Months  each  Tranf 
aSton  in  this  Abridgment  was  publijhed. 
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PAGE  51.  iff  ibi  Margin,  read  Scries,  GTr.  bjMr  Abra.  pag.  68.  /«  the  Margin  deU  9  and 
1 1 .  pag.  70.  in  the  Margin  agd'tnft  Coroll.  i .  add  Fig.  1 1 .  pag.  72.  in  the  Margin  far  Pig.  13. 
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far  R-  read  K.  page  1 1 5.  line  1 7  /^r  a  b  read  a  6.  line  36.  farKr  read  R  r.  p.  1 1 8.  />  /^/  Margin 
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in  the  Margin  far  p.  364.  read  p.  637.  pag.  167.  in  the  Margin  add.  By  the  fame.  p.  182.  in 
the  Margin  far  XIX.  read  Xll.  pag.  i86u  Una  33,  34.  and  pag  187.  line  15.  /(>r  MeflaKa  redMcC- 
fala.  p«g.  188.  line  30.  far  h\in\Q(\im  read  humorum.  line  41.  read  Enoergit  BuUialdoa.  page  189. 
line  i5.y^r  Meflalia  r/tfi  Mcffala.  pag.  191  in  the  Margin  far  N.  B,  read  J,  B,  pag.  192.  line 
22.  far  Litus  readLhiKii.  pag.  199.  Tbit  Jhould  be  the  third  Article  tinder  SeB.  XVf.  pag,  215. 
line  15. /i7r  48'.  rfW  5 8'.  pag.  218.  in  the  Margin  far  No.  428.  read  No.  423,.  pag.  223.  in  the 
Margin  fir  No.  373.  read  l^o.  393.  pag.  237.  in  the  Margin  dele  XXXVII.  pag.  239.  in  the 
Margin  afaer  2nd t  add  1725.  pag.  24.1.  in  the  Margin,  remove  the  two  Cities,  viz.  1,0.}  to  the  placa 
c/ii.]  and  11]  over  agalnjl  Immctfionci  pag.  252.  in  the  Margin  far  p.  558.  read  ^^y,  pag.  306, 
line  antepenult,  far  Thcor.  VI.  read  VI.  Theor.  pag  310.  line  11.  far  Prop,  VII.  read  VII.  Prop, 
pag-  3 1 ' »  i"  fbe  Margin,  over  aginft  line  7,  add  Fig.  1 39.  pag.  3-6^.  far  Chap.  VI.  read  Chap.  VII. 
pag,  42a  in  the  Margin,  fanr  Sept.  24.  reaJ  Sept.  25. 

Part    IF. 

Page  84.  line  28.  addXXVL  pag.  191.  line  17.  read  fince  we  have.  p.  240.  line  28. /*r 
Weights  r/tf^  weighs,  line  32.  far  idling  read  fiWng.  p.  326-.  Imc  I.  far  ccn  gefchenk  nyt  read 
cen  gcfchcjik  17 1.    p.  360.  line  40.  far  now  read  119. 
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Arithmetic,  Algebra, Flux ioN:S,'Geombtry, 

the    QUAfDR-ATURE  (f  CURVES.     ^     "^  ^ 

H  E   Ufefalncfs  of  this  Arithmetic  confifts  in  this,  A  Summary  of 
jhat  it  performs  all  the  Operations  with  more  Eafe  ^^gaf{v^4f' 
and  ExpcdJcion  than  the  common  Affirmative  ^'r^^^^iZ  ^h 
rithmetic,  efpecially  in  lar^e  Numbers :  Anditdif-j!  Colfon,  ^ 
fers  from  the  cpmmon  Arithmetic  chiefly  in  this,  F.  R,  s.  N^ 
that,  it  admits  of  Negative  Figures  promifeuoufly  396*  p.  x6i. 

with  the  Affirmative. 

Notation.']    Thcfc  Negative  Figures  are  diftinguilh'd  from    the 

Affirmative,  by  the  Sign  -  placed  over -them.      . 

Thus   3709286573961472  is  one  of  thefe  Numbers,  whch  maybe 

converted  into  its  Equivalent  common  Number'23o872^432039468, 

in  this  manner :  ; 

3009006503000470  Affirmative  Figures. 
0700280070961002  Negative  Figures.  . 

2 208  72643  2039468 
Vol.  VL  B  ^  (i.) 


NegativihAffirmative  Arithmetic. 

(i.)  Write  down  all  the  affirmative  Figures  by  themielves,  putting 
a  Cypher  in  the  Place  of  every  negative  Figure,  (a.)  Write  down 
all  the  negative  Figures  by  thcmfelvcs,  putting  a  Cypher  in  the 
Place  of  every  affirmative  Figure.  (3.)  Subftraft  the  laft  Number 
from  the  firft,  and  the  Remainder  will  be  a  common  Number,  equi- 
valent to  the  given  negativo-affirmative  Number.  See  the  Operation 
above. 

ReduQion^  Cafe  I.]  But  the  readied  pra^ical  Way  of  performing 
thi$  Reduflion  in  any  given  Number,  will  be  in  this  Manner :  Begin  at 
the  left  Hand  ;  and  going  over  all  the  Figures  in  order,  obferve  thefe 
Rules,  (i.)  An  affirtpative  Figure  before  a  N^ative  muft  bedi- 
minifhM  by  an  Unit,  (a.)  A  negative  Figure  berare  an  Affirmative, 
muft  be  changed  into  its  Complement  to  10.  (3.)  A  n^ative  Figure 
before  a  Negative,  muft  be  changed  into  its  Compknient  to  9.  AH 
other  Figures  muft  remain  unchanged,  and  a  Cypher  is  always  to  be 
underftood  where  there  b  no  fignificant  Figure,  The  Sign  of  the 
Cypher  is  n^leded  ;  but  where  there  is  occafion  to  confider  it,  it  is 
always  fuppos'd  the  fame  as  the  Sign  of  the  following  Figure.  Thus 
the  negativo-affirmative  Number  729586455982001730  is  immedi- 
ately reduc'd  to  710585545977998^0;  and  fo  of  all  others. 

ReduStwn^  Cafe  IL]  Buc  on  the  contrary,  oommoii  Numbers 
may  be  reduced  to  negativo-affirmative  Numbers  a  great  Variety  of 
Ways,  by  fubftituting  inftead  of  the  Figures  i,  2,  3,  4,  5,  6,  7,  8,  9, 
their  refpeftive  Values  19,  18,  17,  i"S,  15,  14,  13,  12,  iT,  in  any 
Places  at  Pleafure.  But  the  moft  ufeful  Redu£bion  of  this  Kind  is 
what  I  call  A  Reduction  to  ftnall  Figures^  which  confifts  in  throwing 
out  all  the  lai^  Figures,  9,  8,  7,  0,  out  of  any  given  Number, 
and  introducing  in  their  Room  the  equivalent  fmall  Figures 
II,  12,  13,  14,  refpeftively.  Thus  182937462  may  be  reduc*d  to 
223143542,  confifting  only  of  fmall  Figures.  But  this  Reduction 
may  be  performed  more  readily  by  Aefe  RmUs  following. 

(1.)  A  fmall  Figure  before  a  laige  F^ure  muft  be  'mcreafed  by 
an  Unit  (2.)  A  large  Figure  before  a  larae  Fisure  muft  be  changed 
into  ics  negative  Complement  to  9,  (3.)  A  Targe  Figure  before  a  fmall 
Figure  muft  be  changed  mto  its  negative  Complement  to  10.  Other 
Figures  are  not  to  w  changed;  and  5  ^iil  be  ambiguous,  being  to 
be  efteemed  either  large  or  fmall,  according  as  the  Figure  following 
is  either  large  or  &ialL  Sonoe  Examptei  of  this  Redudion  (hall 
here  follow,  both  in  whole  Numbers  and  Decimal  Fractions. 

37068259764  =  43132340244 

729528960739957  =  I33i53i04i340043 

9260872395,87294=  11341132404,133^14 

Or  (9)  926087239587294  =  (10)  ri34M32404i33H 

(m)  3879 16407953,  &c.  =  (m)  4i2i244i2l53,&c. 

It 


Ntgaiwo^Affirmative  Arithmetic. 

It  is  to  be  obferviedy  that  in  this  laft  Example  the  Numbera  are  what  I 
call  xntermnaU^  or  Approximations  onljr ;  that  is,  the  firft  and  moft 
valuable  Figures  are  cxprefsM,  and  all  the  reft  (whether  finite  or  in- 
finite in  Number,  whether  known  or  unknown)  are  omitted  as  incon- 
fiderable,  and  infinuated  by  the  Mark,  iSc.  Alfo  the  Index  m  before 
the  Number  ftands  for  fome  Integer,  exprefling  the  Diftance  of  the 
firft  Figure  3  or  4  from  the  Place  of  Unites  ;  which  Int^er  is  either 
aflirmacive  or  n^ative,  accordmg>as  the  faid  firft  Figure  ftands  in  in* 
cegral  or  fiaftional  Places.  The  Example  immediately  before  is  a 
particular  Inftance  of  this. 

And  thus  much  by  way  of  Notation :  To  proceed  therefore  to  the 
Operations  to  be  performed  with  thefe  Numbers,  whether  reduced  to 
finali  Fj|;ufes  or  not ;  and  firft  of  AdMtiM. 

Addition.]  Place  the  Numbers  to  he  added  juft  under  one  another j 
chJerviMg  the  Homogeneity  of  Places^  as  in  common  Numbers.  Then  he^ 
nnmag  at  the  Right  Hmd^  collet  the  Rgures  in  the  firfi  Row  or  Co-r 
mmnj  according  to  their  SignSf  and  flace  the  Refult  underneath :  And 
lb  ibooeffiyely  of  aU  the  omer  Columns,  as  in  Example  i. 

But  if  at  any  Time  this  Reftilt  cannot  be  exprefs'd  by  a  fin^e  Ft- 
sure,  it  may  be  writ  down  with  two  or  more  Figures,  obfervmg  the 
Homogeneity  of  Places,  and  then  the  Sum  may  be  coUe£ted  over  a* 
ain.  But  to  fave  this  Trouble,  it  will  be  fuffieient  to  referve  the 
F^ure  in  mind  which  belongs  to  the  next  Column,  and  coUefb  it 
with  the  Figures  of  that  Column ;  as  in  Example  2,  3. 

If  the  Numbers  to  be  added  are  reduced  to  final!  Figures,  as  in 
Examine  3,  their  Addition  will  be  very  fimple,  and  the  Sum  may 
alfo  be  exhibited  in  finali  Figures,  by  an  eafy  Subftitution  of  £qu(« 
valents,  where  there  is  occafion. 

Example  {ij)  ^  Exmfle(t.)  ^^ 

2573842^3  647^39582 

70^821370  49P73651 

5807305  8194037S5 

9533^*»^  1864643894 
Example  (3. ) 

(m)  2T53j404;3i2j3,  &c. 

(m)  5042031425512,  &c. 

(m-i)  43^033102413,  &c. 

(m-i)  51342J10321,  &c. 

(m-3)  2i3042l[032,  &c. 

(m-4)  132021224,  &c. 

(^-5)  13^24315,  &c. 

B  2  Sub- 


Negativo-AffirfHative  j4ritbmetiC. 

SuhtraSlion.]  SubtraSion  in  this  Arithmetic  is  reduced  to  Addition, 
hy  changing  all  the  Signs  of  the  Number  to  be  fubtraSed. 

Thus,  if  from  (n)  72938429637,  &c.  we  are  to  fubtraft  (n-z) 
810735926,  &c.  the  Remainder  will  be  found  as  in  Example -4. 

Example  (4.) 
(n)        72238429637,  &c. 
(n-^)         b  10735925,  &c, 

(^)        73747"i54343»  &c. 


Thus  in  all  Cafes  will  Addition  and  Subtraction  be  cafily  perform- 
ed :  But  the  chief  Ufe  of  this  Method  will  be,  to  eafe  the  Trouble  of 
prolix  Multiplications.  And  here,  as  well  as  in  Divifion,  the  firft 
and  moft  valuable  Figures  may  be  firft  found,  and  confequently  the 
Produft  may  be  continued  to  as  many  Places  as  fliall  be  required, 
without  findmg^any  unneceffary  Figures  ;  which  is  a  Convenience  not 
to  be  had  in  the  ordinary  Way  of  Multiplication. 

Multiplication.^  Let  it  be  propofed  to  Multiply  together  the  Num- 
bers 8605729398715  and  389175836438,  which  reduced  to  fmall 
Figures  will  be  11414331401315  and  411224244442.  Write  down 
thefe  two  Numbers  one  under  the  other  upon  a  Slip  of  Paper,  with 
the  Figures  at  equal  Diftances,  and  then  cut  them  afunder.  Take 
either  of  the  Numbers  for  a  Multiplier,  and  place  it  over  the  other 
in  an  inverted  Pofition,  fo  as  its  firft  Figure  may  be  juft  over  the 
firft  Figure  of  the  Multiplicand, 

Moveable  Multiplier 

Multiplicand 
11414331401315 


455179 I 825498645062606080 
11113   1124  2632   I     2311 

ProduSl  =  4350861937096017072023 1 70 

Then  Multiply  thefe  two  firft  Figures  together,  and  their  Produft 
(4  X  I  =  4)  place  underneath.  Then  move  your  Multiplier  a  Place 
forward,  fo  that  two  of  its  firft  Figures  may  be  over  two  of  the  firft 
Figures  of  the  Multiplicand  •,  and  coUefting  their  two  Produfts 
(4x1  +  1X1=5)  put  their  Refult  underneath  in  the  next  Place. 
Move  the  Multiplier  a  Place  forward  \  and  coUeding  the  three  Pro- 
dudls  (4X4-t-7xl  -f-  Tx  I  =  I  6)  put  the  Refult  underneath,  as  in 

the 


Negativ(hj4ffirmative  Arithmetic. 

die  Example.  ^  Move  the  Multiplier,  and  colledt  the  four  Produfts 
(4xi"4-iX4-l-ixi-+-2xi  =  ii)  which  write  underneath  as 
before.  And  fo  proceed  by  one  Stop  at  a  Time,  as  lon^  as  any 
F^ures  of  the  Multiplier  can  be  over  any  Figures  of  the  Multiplicand. 
Lafiljj  Colled  the  Produft  into  one  Line,  which  being  reduced  to  a 
common  Number  will  be  3349141936903996927377170. 

From  this  Proccfs  it  may  be  obferved,  that  at  every  new  Situa- 
tion of  the  moveable  Multiplier,  thofe  Figures  only  are  to  be  multi- 
ply'd  together,  each  by  each,  as  are  found  over  one  another.  And 
dm  Multiplication  is  to  be  performed,  and  the  feveral  Produfts  col- 
leded,  according  to  the  Rules  of  Specious  Multiplication,  wherein 
like  Signs  will  make  +,  and  unlike  Signs  will  make— in  the  Pro- 
dud.  This  will  always  make  the  Produds  deftroy  one  another,  or 
at  Icaft  will  depreis  and  keep  them  low,  and  the  Figures  themfelves 
being  always  fmall,  the  Refult  will  be  always  fmall,  and  often  but  a 
Gng]t  Figure,  which  is  the  great  Compendium  of  this  Method. 

When  an  Approximation  only  is  defir*d,  or  when  the  Produd 
is  to  be  produced  to  a  given  Number  of  Places,  the  Operadon  may 
be  concmued  one  Place  farther,  in  order  to  obtain  fo  many  Places 
true  as  are  required.  For  feldom  any  Corredion  extends  beyond  the 
Place  immediately  aforegoing,  and  that  is  generally  corrcded  but  by 
an  Unite,  and  very  often  needs  no  Corredion  at  all ;  which  will  be 
of  no  fmall  Convenience  in  the  Multiplication  of  Decimal  Fradions. 

In  this  Method  we  may  (if  we  pleafe)  begin  the  Procefs  of  Mul- 

3'>lication  from  the  lowefl:  Places,  or  from  the  ri^ht  Hand,  as  is 
ual  in  common  Arithmetic,  and  then  the  Corredion  may  be  car- 
ry'd  on  continually  to  the  next  Place,  and  fo  the  Produd  may  be 
always  comprehended  in  one  Line,  without  the  Ufe  of  any  Superflu- 
ous Figures.  Of  this  I  ihall  give  an  Inftance  in  the  foregoing 
Fxample. 

Moveable  Multiplier 

Multiplicand 

I 141433 '4013^5 

3349H1936903996927377170  =  ProduSl 

Place  the  moveable  Multiplier  inverted  in  fuch  a  Manner,  as  that 
its  laft  Figure  a  may  be  juft  over  5  the  laft  Figure  of  the  Multi- 
plicand. Multiply  thefe  together  (2x5  =  10)  and  fet  down  the  laft 
Figure  oi  the  Produd  o  juft  under,  referving  the  6rft  Figure  1  for 
die  next  Place.  Then  move  the  Multiplier  a  .Place,  forward,  fo 
that  two  of  its  laft  Figures  may  be  over  two  .of  the  laft  Figures  of 
the  Multiplicand,  and  then  multiplying  and  colleding,  you  will  have 
7-4-2x1-4-4x5  =  17.  Set  down  7  in  the  next  Place  of  the  Pro- 
dud, and  referve  i.    At  the  next  remove,  you  will  have  i  +2  x  j 

+  4 


Negattvo-Affirmative  Arithmetic. 

•+-4x1  H-4X5=:3i.  Set  down_i  and  carry  3.  Then  3-l-2xji 
4-4x3-4-4x1 -4-4x5  =  23  =  37,_  Set  down  7  and  carry  3. 
Then  "3-4-2x0-1-4 xl-f-4X3 4-4x1-4-4x5  =  3  =l7.  Set 
down  7  and  carry  i.  And  fo  proceed  as  long  as  there  can  be  any 
Figures  over  one  another,  and  the  Produd  will  be  found  as  before. 

This  way  of  Multiplication  is  fo  eafy,  and  mav  be  made  fo  fami- 
liar by  a  little  Praftice,  that  it  will  be  but  little  (hortof  Muhiplka* 
Hon  by  Infpe£iion  ;  and  will  doubtlefs  feem  very  furprizing  to  thofe  who 
are  only  acquainted  with  the  common  tedious  Way  of  Multiplication: 
cfpecially,  if  we  content  our  felves  with  a  mental  Preparation  of  the 
Numbers  given,  or  only  mark  thofe  Figures  that  are  to  be  changed, 
which  by  feme  Praftice  is  eafily  attained. 

The  firft  of  thefe  two  Ways  of  Multiplication  will  be  moft  con- 
venient for  interminate  Numbers.  As  if  we  were  to  multiply  (m) 
307149741748,  6fr.  by  (n)  183609712649,  t^c.  the  Produdk  will 
be  found  ^mHhnj  563956758222,  (Sc.  as  may  appear  frohi  the 
Procefi  following. 

•025  ^iJHiioi^zz  (u) 

(my  3 13 1 503423 52,  &c. 


fm-f-n;  644057258378,  &c. 

Here  the  Index  of  the  firft  Figure  of  the  Produd  will  be  m-Hn, 
or  the  Sum  of  the  Indexes  of  the  given  Numbers  *,  but  it  would  have 
been  m-l-n-f- 1  if  there  had  been  any  Increafe  from  the  Produft  of 
die  two  firft  F^ures,  or  if  there  had  been  any  Corredion  to  have 
been  made  to  the  Cypher,  ^ndiich  is  underftood  before  the  firft  Figure 
of  the  Produa. 

When  both  the  Numbers  to  be  multiply'd  are  interminate,  as 
in  the  laft  Example,  they  ought  to  confift  of  the  fame  Number  of 
Places,  or  oiherwifc  the  greater  Number  muft  be  reduced  to  the 
lefTer,  by  cutting  off  the  fuperfluous  Places :  and  the  Produd  is  not 
to  be  continued  beyond  the  fame  Number  of  Places.  If  but  one  of 
the  Number  is  interminate,  the  other  muft  be  reduc'd  to  the  Form 
of  an  interminate  Number,  either  bv  cutting  off  the  Exceis  of  Places 
if  it  has  more,  or  by  fupplying  or  iuppofing  Cyphers,  if  it  has  fewer 
Places  than  the  interminate  Number.  Then  the  fame  Reftri£tions  will 
take  place  as  before. 

Dmfion.']  The  Method  of  Divifion  in  this  Arithmetic  will  not 
be  fo  fimple  or  exfxditious  as  Multiplication.  After  a  Tryal  of 
jfeveral  Ways,  I  think  this  following  will  be  the  moft  commodious. 
Reduce  the  Dividend  and  Divifbr  to  fmall  Figures,  and  form  a  Ta- 
HfFa  or  Table  of  all  the  Multiples  of  the  Divifor  as  far  as  5.  Com- 
pare thefe  Multiples  with  the  Dividend,  and  with  the  feveral  Remain- 
oers  a^r  the  Multipies  have  been  fubtra&ed,  by  which  Means  you 

will 


3? 


Negativo-Affirmative  Arithmetic. 

w31  difcover  th^  fevera!  imall  Figures  and  their  Signs,  to  be  put  fuc- 
ceffivelv  in  die  Quotient. 

To  romi  die  Table  of  Multiples,  fet  down  the  Divifor  above, 
drawing  a  Line,  under  which  fet  down  the  Divifor  over  again,  putting 
I  over  againft  it.  Add  thefe  two  together  according  to  the  Rule  for 
Addition  in  fmall  Figures,  and  put  2  over  againft  their  Sum.  Add 
thb  laft  and  die  Divifor  together,  and  put  3  over  againft  their  Sum. 
Then  add  this  laft  and  the  Divifor  together,  and  put  4  over  againft 
their  Sum.  ^  itf^/jr.  Add  thb  and  the  Divifor  together,  puting  5  over 
aeainft  their  Sum.  Thus  will  you  have  a  Table  of  all  the  Multiples 
^  the  Divilbr,  as  far  as  will  be  neceflary. 

Thusfor  Example,  if  Cm+n^  563956758222,  &c.  =  ("m-f-n-f-i^ 
1444043242222,  &c.  is  to  be  divided  by  fnj  1 836097 1 2649,  &c. 
=  fnj  224410313451,  &c  the  Procefi  will  be_^as  here  follows,  by 
which  the  Quotient  will  be  found  fmj  3 13 150342354,  &c,  =Cmj 
307149741746,  &c. 

"TABLE   of  Multiples, 
(n)  22441031345^,  &c. 


I 

(n)  22441031345I, 

&c. 

2 

(n)  433221425302, 

&c 

3 

(a)  551231^42153. 

&c. 

4 

Cn+i;  1334441 251404, 

&c 

5 

fn-f-i)  1122051443245, 

&c. 

^otient  s:  jm)  3 13 150342354.  &c. 


Dividend  =  (w  •+•  n  -f- 1)  1444043242222,  &c. 

13132420335,  &c. 
22441037345,  &c. 

1 523345101 2»  &c. 

55 1 23 1 142  r,  &c 

23fT404i  F,  &c. 
2244103I3,  &c. 

17133^324,  &c. 

Ti  2  205 1 44,  &c. 


1534220, 


8  N$gativ(hAffirmative^  Arithmetic, 

1534120,  &C. 

55 1 23 1,   &Ci 


12445], 
I31444, 

&c 
&c. 

3205, 
3332, 

&c 
Sec: 

^533^ 

&c. 
&c. 

£24, 

Sec. 
Sec. 

72,  &c 

The  Index  of  the  Quotient  is  found  by  fubtrafting  the  Index  of  the 
Divifor  from  the  Index  of  the  Dividend,  when  the  firft  Figure  or 
Figures  of  the  Divifor  are  not  greater  than  the  like  Figures  of  the 

Dividend.  Thus  ^"  +  ;j  ;^j  ^^;  =  (m)  30,  &c.  When  they  are 
greater,  then  an  Unite  muft  be  farther  fubtradted  from  the  Index  of 
the  Dividend.     Thus  (m  +  n+ i)^44>  &c.  _  ^^^  ^^-^  g^^^ 

(n)         224,    &c. 

Now  a  little  to  illuftrate  this  Procefs,  it  may  be  obferved,  that  the 
Dividend  14L  &a  or  56,  &c.  being  compared  with  the  feveral  Mul- 
tiples of  theDivifor  in  the  Table,  it  is  eafily  perceived  that  55,  &c 
makes  the  neareft  Approach  to  it,  and  therefore  its  correfponding  Fi- 
gure 3  muft  be  made  the  firft  Figure  of  the  Quotient,  which  I  place 
juft  over.  Under  this  I  place  its  refoedive  Multiple,  changing  the 
Signs  and  collecting,  becaufe  it  ought  to  be  fubtrafted.  Then  the 
Remainder  131,  &c.  being  compared  with  the  Table,  I  find  the 
neareft  to  it  (whether  in  Excefs  or  Defed)  to  be  22,  &c.  or  18, 
&c.  belonging  to  i.  This  therefore  is  made  the  fecond  Figure  of 
the  Quotient,  and  its  Multiple  with  the  Signs  changed  is  placed  un- 
der, and  collefted  with  the  laft  Remainder.  The  Refult,  or  new  Re- 
mainder 752,  &c,  that  is— 152,  &c.  or  — 52,  &c.  being  com- 
pared with  the  Table,  the  neareft  Multiple  is  55,  &c.  belonging  to 
3,  which  3  therefore  is  made  the  next  Figure  of  the  Quotient,  but 
with  the  Sign  -  over  it,  becaufe  this  Remainder  is  Negative.  And 
for  this  Rcafon  the  Multiple  55,  &c.  is  put  down  in  its  Place  with- 
out changing  its  Signs.  The  reft  of  the  Procefs  will  be  obvious 
enough,  and  if  any  scruple  arifrs  about  placing  the  Numbers,  it  may 
eafily  be  removed  by  a  little  Attention  to  their  refpcftive  Indexes. 

In  the  Divifion  of  interminaie  Numbers,  the  fame  Reftriftions  are 
to  obtain,  as  are  already  mention'd  in  Multiplication. 

And 
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And  this  may  fuffice  for  a  fliort  Summary  of  Negatlvor-ASirmaiive 
jHibmetiCj  as  to  the  ordinary  Operations  of  Additiofiy  SubtraSiion^ 
Mubiplication  and  Divifion.  What  Improvements  may  be  had  from 
hence  in  the  Extraaion  of  Roots^  whether  of  pure  or  aftciSted  Equa- 
tions,  I  Ihall  leave  to  future  Inquiry. 

I  have  contrivM  an  Inftrument,   cali'd  Abacus ;   or,  The  Counting  ' 

idble^  which  I  hope  fliortly  to  communicate,  whereby  all  thefe  Ope- 
radons  may  be  eafily  perform'd,  and  long  Calculations  very  much 
Ecilitated. 

IL  Lemma  L]    In  every  adfeSled  auadratick  ASquation  ax^  —  J5  x  -f-  The  Number 
if =1^,  wbofe  Roots  are  real,  a  fourth  Part  of  the  Square  qf  the  Coeffi-  of  impoffiblc 
dent  of  the  fecond  "Term  is  greater  than  the  Re£f  angle  under  the  Coefficient  ^q*^!^"^' 
of  the  firfi  Term  and  the  abfolute  Number  y  or\  B^>axA\  and  vice  j^'o.  lol.  P. 
verfa  if  ^  B^  >^  a  x  Ay  the  Roots  of  the  Equation  ax*  —  5  x  -I-  515*. 
AzzOy  mil  be  real.    But  if  \B^  ^axAy  the  Roots  willbeimpojftble. 

iB-h^/\B*—axA 
This  JsevidentfromtheRootsofthe^quationbeing  , 


and 


a 

\B-^s/\B*~axA 


a 
Lemma  IL]  Whatever  be  the  Number  of  impojftble  Roots^n  the 
Mquation x'—B x"- »  -f- C;f "-  *  —  Dx^'-^-^&c.zizdx^zipcx* 
rfcix=p-^=:^,  there  are  juft  as  many  in  the  Equation  A  x^'-^bx'^  ^  ' 
+  ^;f.^»  _ipcn^l  ^^C.  dtiDx^  zjfzCx*  zi:!  Bxzipizzio. 
For  the  Roots  of  the  laft  JEquation  are  the  Reciprocals  of  thofe  of 
the  firft,  as  is  evident  from  common  Algebra.  Let  the  Roots  of  the 
biquadratick  /Equation  x^ —  JBx  ^  -f-  Cx •  —  Dx'+'Aiiio  be  a^  by 
r,  dy  whereof  let  c^  d  be  impoffible  j  then  the  Roots  of  the  Equation 

I   I  I  I 
Ax^  —  Dx^  -hCx*  —  Bx+i=o  will  be  -,  -,  -,  -,  and  chere- 

a  b  c  d 

fore  two  of  them  to  wit  -,  -.  impoffible. 

c  d 

Lemma  III.]  In  every  Equation  Af«  — 5x«-' -I- C^*-» — 
2);f«-,3-f-£;^«— 4  — ^c.  due  X  ^  ^dx  ^  dtzc  X  *  z^pbxzizA—Oy 
all  wbofe  Roots  are  realy  if  each  Term  be ' multiply* d  by  the  Index  of  x  in 
that  Termy  and  each  ProduSt  be  divided  by  Xy  the  refulting  jEquation 
gjr— '  —^377  J;tf"-»4-»  — ^  Cx«-5  —n  —  iBx?-^  + 
n  —  ^Ex""-^  —  fc?r.  db  4  if  x^  =F  3  ^^*  ^ '^  ex  zi(zbz=:o  Jhall 
have  all  its  Roots  real.  Thus  if  all  the  Roots  of  the  Equation  x^  — 
Bx^  -i-  C  X*  —  D  x-h  A  =  tf  be  real,  then  all  tlie  Roots  of  the 
JEquation4^'  — 3  J?;^*-f-2  Cx  —  D  =  (?willalfo  be  real. 

This  Lemma  doth  not  hold  converfly,  for  there  is  an  Infinity  of  Cafes 
where  all  the  Roots  of  the  -Equation  n  x"- '  —  «—  i  5  x »- *  + 
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lO  The  Number  of  impofftble  Roots 

n  —  2  C x""-^  —n  —  sDx'-^+^c.dzidx^  =p2cxdbbz=:o 
are  real,  at  the  fame  Time  fome  or  perhaps  all  the  Roots  of  the  -flEqua- 
tion>r«— B;f— »-f-Gy-*  — Dx«-^  '+'(^c.=tzdx^  z:pcx^zh 
h  xz^Az=io  are  impoflible :  But  whatever  be  the  Number  of  impof- 
fible  Roots  in  the  -Equation  »;v«  — »  —  n  —  i  J9x*— *  -f-»  —  2 
C^»— ^ — C^c.dzi  cxz:pb=o^  there  are  at  lead  as  many  in  the 
Equation  x«— fix"-*'  -^Cx'"-*  i^c.  ±  cx^  =f  bx  z^  A:=:o. 
Thus  all  the  Roots  of  the -Equation  4,x^  — 3  5x*-f-2  Cx — Z)  =  a 
may  be  real,  and  yet  two  or  perhaps  all  the  four  Roots  of  the  .Equa- 
tion x^  —  B  x^  -f-  Cx*  — Vx  -+-  A=io  may  be  impoflible;  but  if 
two  of  the  Roots  of  the  -Equation  4x^  —  ^  B  x^  ^2  Cx  —  Dzzo 
be  impoflible,  there  muft  be  at  leaft  two  impoflible  Roots  in  the 
-Equation  x^  —  B  x^  +C  x*  —  Dx-f-  A=zo.  All  this  hath  been 
demonftrated  by  Algebraical  Writers,  particularly  by  Mr.  Reyneau 
in  his  Analyfe  demontre^  and  is  eafily  made  evident  by  the  Method  of 
the  Maxima  and  Minima. 

CorolL]    Let  all  the  Roots  of  the  -r4?quation  x« — 5x"^«  -f- 

dcdx^  zjp  cx^  dbJx=p  A=o  be  real,  and  by  this  Lemma  all  the 
Roots  of  the  Equation  nx''-' '  —  n  —  i  ^y*—*  H-  n  —  2  C  x*—  ^ 
_»._3  2>x«-4-f.  ;,_4  jS;^ir-5_^zr5  /r^^i.-^  4-  y^  ^ 
5/^^=F  4^'*''=t=3^«v»=p2^A*db  *=  ^  will  be  real,  and  there- 
fore (by  the  fame  Lemma)  all  the  Roots  of  the  -Equation  »x» j 

AT'-* — n —  I  x»^— 2_5jrj»2lll'"» — 2  x» — :^  Cx^-^  —  n  —  t^  x 
»  — 4D^«^^  +» — 4X«  —  5  £4:«— ^  — n  —  5  xii  —  6  Fx^^-y 
H-  £5?^.  db  20/jr ^  =F  12  ^**  =b  6  Jjf  =p  2  r=^,   or   (dividing  all 

by  2)  of  «  X  '"  :v«—  *  —  »  —  i  x  • B  at"—  ^  -I-  »  —  2  x 

.i-i-..  2  2 

«  — 3 

—  Ca;«— 4  —  6?^.dbio/Ar3  sp  6  ^a;»  ±3  Jjc=pr=z^  will  be 
2 

real-     After  the  fame  Manner  all  the  Roots  of  the  -Equation  n  x 

n  —  I     n  —  2  ■  n  —  2     » —  3  - 

■  ■  X  ■  AT"— 5  — n —  ,  X  X— —  jB\r«— *•+•»  —  2  X 

g  3  2  3 

«  — 3     »  — 4 

—  X  Cx^-^  —(^cddiofx^  zfz^exztid^o  will  be 
2             3 

real ;   and  thus  we  may  defcend  until  we  arrive  at  the  quadratick 

-Equation  n  x         *  at*  —  n —  i  Bx+C^$.     The  fame  Elqua- 
2 

tions 
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n — I  ■■  n — I 

tk)nsdoafccndthus»x— AT*  —  n  —  \  Bx^Cz=LOy  «x-— x 

2  2 

x^  —  n — IX"       Bx^-\-n  —  iCx  —  2)=i^,  nx x 

_3 2      1 

n  —  2     n  —  3  — ~  n — 2     n  —  3  «■■  » — 3 

X  — — —  ^* — »~i  X——  X     5  jc^  -+-  n — 2  X  "  X 

34  2  3         ± 

■  n — I     n  —  2     n  —  3      n  —  4 

C**  —  n — 3D;r-f-  J5=:^,  nx  ■"■         x  ■  x  ■  x  ■ 

_^    a  3-         _4 5_ 

■             »  —  2     n  —  3     »  —  4  "  » —  3     n  —  4 

at' — n —  I  XXX  Bx^'\'n  —  2X  — x— — 

? 3  4  *  3 

Cx^  — » — 3  X  Dat^+ii  —  4-£^  —  F=:^,  andfoon.   Let 

2 
Af  rcprcfent  any  of  the  Coefficients  of  the  Equation  4:«  —  ^;c"— »-f- 
Cjt— »  — 1>*»--^  H-Eat— 4_{5f^.  ±^=<^,  and  letL,  iNTbc 
the  adjacent  Coefficients,  let  Mbc  the  Exoonent  of  the  Coefficient  M: 
By  die  Exponent  of  a  Coefficient  I  mean  tne  Number  which  exprefleth 
the  Place  which  it  hath  anaong  the  Coefficients  %  thus  if  M  repreient 
Ac  Coefficient  E  (and  therefore  L  =  D  and  N  =  F)  then  m  —  4.  It 
will  be  eafy  to  fee,  that,  amongft  the  foregoii^  afcending  ^uations, 

n  —  I     n  —  2 
Alt  which  hath  its  abfolute  Number  AT  will  be  »  x  — —  x  — —  x  (^c. 

»  3 

n—m  .  H  —  2  n — m  , 

x*"*"'  —  »  — I  X    x  t?r.  —  5^"  +  »  — 2  x6fr. 

■I  2  m 


n  —  m  m^m^m^.mm^^mm       * ^  ■  i. 

C  x^"^  '  — Cf?r.  db» — »iH-i  X  "         Ljc*  sf:  n — m  Mx 
m — I  2 

dr  N=lo^  all  whofe  Roots  are  real  when  all  the  Roots  of  the  .£qua- 
tion  jr«  —  B  a:*—  '  -+-  Cx""^  *  —  Csfr,  =fc:  A=o  are  real.  Let  Nz=iP 
and  therefore  Mz=zEy  L  =  D  and  «»=:4,  then  that  of  th^-afcending 

n — I      n  —  2 
Equations  whoft  abfolute  Number  is  F,  will  be  «  x  — —  x  ■■        x 

^__     2  3 

n — 3     » — 4  ■  »  —  2    jy  —  3    If  —  4  ■    ' 

-  X  X^  —  » I  X— X X— —  ^A?*+»  — 2  X 

4  5  2^ 3  4 

X    ■        Cx  3— »  —  gx— — Da:»-|-» — 4EX  —  Fz=iO. 
2  s  2 

C  2  Prop; 


I  a  7%e  Number  of  impojftble  Roots 

Prop.  I.]  Letx»  —  5  ^«-»  -f-  C  x«-*  —  D  x— 3  -f-  E  ^tf*=M—  fc?r. 
db  r  af4=p  dx^^co^:=^hx':A:zA^obean  Equation  of  any  Ditnen- 
Jions^  (dlwhofe  Roots  are  real\  let  Mhe  any  Coefficient  of  this  /Equation^ 
Lj  Nthe  adjacent  Coefficients^  and  m  the  Exponent  ofM.  Then  the  Square 

of  any  Coefficient  M  multiply* d  by  the  FraElion-^L^..^     — ^— ^— j,     ^// 

ed^ays  exceed  the  ReSlangle  under  the  adjacent  Coefficients  LxN.  Thus 
in  the  -Equation  x^ — B x^  -+•  Cx* — Dx+J=Oj  where  »=4, 
inakingM=C  and  therefore  Lz:lBj  N:=zD^   and  m=2^    then 

2  X  iL  **-~  2  4 

■  I    ,     X C*  or-C*  will  exceed  BxD providing  all  the 

2-+-IX4  — 2-f-  I  g 

Roots  of  the  ^Equation  be  real. 
Becaufc  (by  Lem.  3.)    the  Roots   of  the   quadratick   -Equation 

»— I         

»  X x^ — n — I B  x^  C  =0  are  real,  therefore  (by  Lem.  i.)  ^  n — il* 

X  5  *  muft   be  greater   than  n  x x  C,  and  (dividing  both  by 

^^  2 

n — I  n — I 

nx 

2 

A?«— Sx"-'  -f-  Cx"-*— Dx«-  5  -+-C5?r.  =fc^z=(7of  the  »  Degree, 
all  whole  Roots  are  real,  the  Square  of  B  the  Coefficient  of  the  fc- 

n  —  I 
cond  Term,  multiply^  by  the  Frafiion  . is  greater  than  i  x  C, 

2H 

the  Reftangle  under  the  adjacent  Coefficients.    But  (by  Lem.  2.)  all 

the  Roots  of  the  ^uation  Jx' — b  x«-»  +rx«— *  —  Gfr.  dtzCx* 
n     -      .  ^  ^  ^ 

zpBxdd  I  =^,or(dividingby-^)of^f*— —  — x*-«  +  —  x*-» — 

C  ^     .       L.  ^  ^ 

^c.  =fc  —  a:*  qc  —  xdc:  —  =  d  are  real  5  therefore  (from  what  hath 
ji  A         A 

n — I     i*  c 

been  juft  now  faid)   —  x muft  be  greater  than  i  x — andcon- 

2n      A^  A 


S\ X  5*  greater  than  1  xC.  Therefore  in  the  -ffilquation 

^  in 


n — I 

2n 


fcquently  —  xi*  greater  than^x^.     Therefore  in  an  -Equation        . 


x'—Bx'^^  +C**-**  —  {^c.  rfcc^*  ::pbx:izA  =  Oj  ofthejrDc- 
gree,  all  whofe  Roots  are  real,  the  Square  of  the  Coefficient  of  x 

n — I 
multiply'd  by  the  Fraftion  — —  is  greater  than  the  Reftangle  under 

2  n 

the 
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the  Coefficient  of  x*  and  the  abfolute  Number  :    But  by  Cor.  Lem.  3. 

n — \     n — 2  n — m 

all  the  Roots  of  the  -flEquation  n  x x x  fj?r.  x x  *+' — 

__^_  2  3  f»H-i 

n  —2  ^ — w  ■  /^ — m 

;r^^ x£s?^.  X Bx'^  +  n  —  ixi^c.   Cx^'(^c. 

2      m  m — I 

i^JTH^Hhlx-M— xLx*=p:» — m  MxdbNzzzo  are  real ;  there- 

2 
fore  (feeing  this  iEqgation  is  of  the  m-f-  i  Degree)  the  Square  of 

nZIin  X  M  multiply'd  by  the  Fraftion  ^  j^^rprj  will  be  greater  tlian 

n  —  m  m 

the  Rcdangle  under  p-rinr)r  i  x xL  and  iV,  that  is. 


2Xf»^-x 


n — m 


xn—mY  X  Af  *  will  be  greater  than  »  —  »iH-  i  x  -—  x  LxN^  and 

2 


-w  »ix»  —  m 


therefore  (dividing  both  by  »  —  w  +  i  x— -- V  ,^  ^  ,  ^  »— w  -t-  i 

X  ilf  *  greater  than  i  x  iV. 

«    n — I  n — 2  n — 3 

Ci>ro//.]  Make  a  Series  of  Fraftions  — ,  ,  ,  ,  Csfr. 

I  1234 

unto— ,  whofc  Denominators  are  Numbers  going  on  in  the  Progreffion 

I,  2,  3t  4,  6?^.  unto  the  Number  «which.is  the  Dimenfionsof  the -Equa- 
tion X" 5  ^"""^  H"  C  *r"^*  —  £s?^.  =fc  yf  =  ^,  and  whofe  Numerators 

arc  the  fame  Progreffion  inverted.  Divide  the  fecond  of  thefe  Fraftions 
by  the  firft,  the  third  by  the  fecond,  the  fourth  by  the  third,  and  fo  on, 
and  place  the  Fraftions  which  rcfult  from  this  Divifion  above  the  middle 

ax  «— ■  a        3x»— 3    ' 


If— .1 


Terms  of  the -Equation,  thus  ^' —  Bx' 


eI\^\ ^(^c.  ±A=o.  Then  if  all  the  Roots  of  the  -Equation 
are  real,  the  Square  of  any  Coefficient  multiply'd  by  the  Fraftion 
which  ftands  above,  will  be  greater  than  the  Re6langle  under  the 
adjacent  Coefficients.  This  Corollary  dodi  not  hold  converOy,  for 
there  is  an  Infinity  of  liquations  in  which  the  Square  of  each  Co- 
efficient  multiplyM  by  the  Fraftion  above  it,  may  be  greater  than 
the  Rcftangle  under  the  adjacent  Coefficients,  and  notwithftandmg 

fome 
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fome  or  perhaps  all  of  the  Roots  may  be  impoflible.  Therefore 
when  the  Square  of  a  Coefficient  multiply'd  by  the  Fraftion  above, 
is  greater  than  the  Redtangle  under  the  adjacent  Coefficients,  froni 
this  Circumftance  nothing  can  be  determined  as  to  the  Poffibilicy  or 
Impoffibility  of  the  Roots  of  the  Equation:  But  when  the  Square 
of  a  Coefficient  multiply*d  by  the  Fraftion  above  it,  is  Icfs  than  the 
Reftangle  under  the  adjacent  Coefficients,  it  is  a  certain  Indication 
of  two  impoffible  Roots.  From  what  hath  been  faid,  is  immediate- 
ly deduced  the  Demonftration  of  that  Rule  which  tie  moft  illuf- 
trious  Newton  gives  for  the  determining  the  Number  of  impoffible 
Roots  in  any  given  .^Equation.  ^ 

Scbol.']  Let  the  Roots  of  the  -Equation  x« — 5x"-'  -f-  Cx'—^  — 
Dx'^'-i-h'Ex ''•-4. —  Fx »-5  +  ^c.  db  Jz=:  0  (with  their  S^ns)  be 
reprefented  by  the  Letters  (!i,  J,  r,  J,  ^,/,  ^,  iSc.  then   ("as   is  com- 
monly knownj  B  will  be  the  Sum  of  all  the  Roots  or  =  ^  -f-  *  -f-  ^r 
-t-d-he  +/-f-  6?r.  C  the  Sum  of  the  Produfts  of  all  the  Pairs  of 
Roots,  or z=L ab  +  a c-h  a d-h  a f-h a g+  (^c.  D  the  Sum  of  the 
Produfts  of  all  the  Ternaries  of  Roots,  or  =zabc -h  ab  d  +  ab  r+- 
abf+abg  +  (^c.   E  =  abcd+  abce^abcf  -h  ab  c  1-+-  C^c. 
Fzzzabc  d e-^a  bcdf+ab  c  dg-hb  cdef+^c.  andfoon.    Let 
("as  in  this  Propofition)  M  reprefent  any  of  thefe  Coefficients,  Ly  N 
the  adjacent  Coefficients,  and  m  the  Exponent  of  ilf ;  Jet  Z  repre- 
fent the  Sum  of  the  Squares  of  all  the  poffible  Diffisrences  between 
the  Terms  of  the  Coefficient  M,  let  a  be  the  Sum  of  all  thofc  of  the 
forefaid  Squares  whofe  Terms  differ  by  one  Letter,  |3  the  Sum  of  all 
thofe  Squares  whofe  Terms  diflFer  by  two  Letters,    y  the  Sum   of 
thofe  Squares  whofe  Terms  differ  by  three  Letters,  d^  the  Sum  erf" thofe 
Squares  whofe  Terms  differ  by  four  Letters,  and  fo  on. 
Thus  \S  M=F=abcde-{'abcdf'{-ab  cdg+(^c. 

Then  Z  =  abcde—abc  df\  ^ +abc de  —  abcd^*  -f- 

abcde—abcfg\  »  -h  be  def—ab/gli*  "*-  ^c. 

a=abc  de  —  ab c  df\  *  ■+-  ab  c de  —  abcdgl*  -4- 

abcde—abcdlA^-h  bcdef—bcdegl^-h ^c. 

fi  =  abcde  —  abcfgl^-h  at?  c  de  —  abcf  b.^  •+- 
be  def—acd}  b\^  -f-  fcfr. 

y  =  abcde—abfgb\  *  +  abedf—abegh{  »  +  6?r. 

J< - abTd e—afgbi^^+aedfg  —  abebki  ^  +  (<fe. 


This  being  laid  down,  I  fay  that  the  Square  of  any  Coefficient  Af  mul- 

m  X  n  —  m 

m  +  I  xn  —  »»H"  I 


m  xn  —  m 
tiplyM  by  the  Fraftion  ■         —  ^.    :  exceeds  the  Reftanglc 


under 


in  AdfeBed  Mquations,  le 


under  the  adjacent  Coefficients  Lx  iST,  by 


n-i-ixZ 


I 


m~i-  I  x« — otH-  I       jj 


or- 


»  I  I  III 

— 0 y c/^  —  ^jPf.  The  Series a 13 y  _ 
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(iff.   muft  confift  of  m  Number  of  Terms. 

Let  the  -Equation  be  x  *  —  Bx*  +  Cxi— Dx*-hEx— ^ 

=  Oy  whofe  Roots  let  be  a,  b,  f,  d,  e,   in  which'  Cafe  «  =  5.    Let 

M^Ezz^a-hb-J-chd-he,  thenL=i,  iV=G,  «=i,  Z  = 

g— ^'4-a— c'l'-t-g— fl|'  +  a  — f/*H-?rrf|*  H-   6ff.   =  a-, 

1x5  —  I  2 

^^cfor*  ,-f-ix5_i-t-i'*^*^'^"~'^*    <^<=«^   1    X   C  by 

5-hixZ  I  3  I 

r^Ti  X rrr^^^"" 7*=- ^-  7«  =  ('^""^^  ^  =  «) 

I  I  ^.^         I     I  

-  Z  =  —  jrrjj*  -f.  -_  a"=:^»  H a— df>  H-Gff.  which  is  al- 

10         10  10  10 

ways  a  pofitive  Number  when  the  Roots  a,  b,  r,  d,  ean  real,  pofitive 
or  negative  Numbers. 

Let  M=:C=:a  b  -h  a c  +  ad -h  a  e  -h b c-h  &c.  then  L  =.  B 
NzzD,  m=2.  * 

Z  =:ab—ac  |'  -hab—ad,*  +  ab  —  cd\*  -f-  ab  —  de\*  4-  C^c. 
a  =  ab — ac\*'hab — a^V  +  ah — a^  »  ■+■  i^c. 

-  fi  =  ab—£di*-i-ab  —  cA*  +a'h  —  Jt\^-\-(^c. 


2x5  —  2  I 


Therefore        ■      —         ,  x  C»  or  —  C»furpaffeth  BxD 

5-+-IXZ  II  , 

by  ==: —  _^ « &  =  (becaufe  Z  =  «  -I-  B)  — 

2-+-1X5  —  2H-I       2  3  6 

fi=z  —xab^  cdU  -h  —xab—c  4*  -i xab^dfh    4-    (^c, 

6  6  6 

which  is  always  a  pofitive  Number  when  the  Roots  a,  by  r,  </,  <f  are 
real  Nunabers,  pofitive  or  negative. 

^tM::^p  —  abc-\-abd-{'abe  +  acd-\'ace-\'(Sc.   then 
L=.Cy   Nz^z  £,   «i  =  3. 

Z = JiT^TTJjj* -^ ab c  ^ab  tf'\- ab c—ad^* 4-  6?<:. 

«  =:abc—abch  -h  ab  c—abM  4-  aTT^^^TTd*  4-  &?<;. 

/3=: 
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^^ab  c — ade\^  'i-abc — cd^*  +  ab  c  —  bde\^  +  (^<^ 

3x5 — 3  X 

Txhcrcforc  -— •    =:  x  D  »   or  —  2)  »  exceeds  C  x  £  by 

34.1x5—3+1  2  ^ 

=== —  /"^  xZ a /3;=  (becaiffc  Z=a  +  lS  = 

3  +  1x5  —  34-1  23 

I  I  .  I     ..^__^         I 

—  x3)  =  —  X  ^1  *  r  —  adtV-^ %abc — cdeVA abc  —  bddf^ 

6  6  6  6 

H-  &f  f  •  which  is  a  pofitive  Number  when  the  Roots  are  real  Num- 
bers. 

Let  M=  E=a  b  c  d-^rab  c  e-^a  bde'+'bc  derh-  ^c.  then  L=D^ 

N=jiy  fo=4,  Z^abcd — abcel^+abcd—bcde^^-habcd—acdel^ 

4x5—4  2 

4-  &f  r.  =  a,  13  =:^  =  y = o(^,  therefore*==: —  x  £»  or — £* 

44-1x5  — 4-H1  ^ 

5*^1 »  3  ' 

exceeds  D  x  ^by  "=== —  ,   irxZ—  — «  =  — Z— — «  = 

44-  1x5  —44-1  2  5  2 

—  Z  =  — X  abed— abc e\ *  4 xab  cJ  —  bcde\*  4-  6?^.  which 

10        10  to 

is  a  poGtive  Number  when  the  Roots  are  real  Numbers. 

Prop.  II.  L^/x"— 5;r«-»4-C;f— »— 2)Ar*-'3  4-  £;t»^— 6?r. 
^A=obean  jEqualion  of  any  Degree^  wbofe  Roots  with  their  Signs 
let  be  exprejfed  by  the  Letters  a^  by  Cj  dy  e^fy  t^c.  let  M  reprefent  any 
Coefficient  of  this  JEquationy  L,  N  the  Coefficients  adjacent  to  Mi  KyO 
the  Coefficients  adjacent  to  LyN\  /,  P  tbofe  adjacent  to  Ky  O  \  Hy  ^ 
thofe  adjacent  to  /,  P,  andfo  on.  Let  m  reprefent  the  Exponent  of  My 
and  let  Z  {as  in  the  preceding  Propofttion)  reprefent  the  Sum  of  the 
Squares  of  all  the  poffible  Differences  between  the  Terms  of  the  Coeffi- 
dent  M.     Then  the  ProduB  of  the  Square  of  any  Coefficient  M  multi- 

plfd  by  the  FraSlion  —  x  i r 

2                n  —  I     n  —  2  n—m-h  I 

n  X  I  X xG?f .  X  , 

23  ^ 
always    exceed    Lx  N— KxO-h  Ix  P  —  H  x  ^-h   fcfr.    by 
i  Z                                • 

n  X X  I     ■   ,  X  £s?r,  x  ■ 

23  m 

Numbery 
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Vnnibery  when  the  Roots  a^  bj  r,  </,  e  &c.  are  real  Numbers  poftthe 
cr  negative.  Let  the  JGquacion  be  of  the  fewnth  D^rcc  or  x^  — 
Bx^  -h  Cx^  —D  x^+Ex^  —'Fx^-hGx—Jzzzo,  whofc 
Roots  let  bca^bjCi  dy  /,/,  g^  in  wbich  Cafe  »  a  7.  Let  Mz=z  E  zsl 
abcd+ab  ce-^  ab  cf^  abc  g-^  b  c  de+  &c.  then  171=4^ 
i  =  ~I>,    N=--^F,    K=C,  0  =  G,    I=  —  B,    P=— ^, 


Z=abcd—abc^^+abcd-'abc/\*  +  abcd  —  nbcg\*  +  &c. 

1  — J 17 

Therefore  —  x  i  —  x  £  »  or  —  £  *    exccc  ds 

2  654  35 

DxF-^xG-hB  xJ  by or =  —  x  abcd—abce\^ 

654        70       70 
7x  — X — X  — 

+  —  X  abed  —  abcf]  *  -+-  Sec. 
70 

From  this  Propofition,  is  deduced  the  'following  Rule  for  deter- 
mining the  Number  of  inipoflible  Roots  in  any  given  -Equation. 
From  ^acb  of  the  Uncia  of  the  middle  ^erms  of  that  Power  of  a  Bi- 
nonualy  *U)h>fe  Index  is  the  Dimenfions  of  the  propofed  yEquation^  fub- 
IraS  l/nity^  then  divide  each  Remainder  by  twice  the  Correfpondent 
Uncia,  andfet  the  Fra^ns  which  refultfrom  this  Divijion^  above  the 
middle  Terms  of  the  given  Equation.'  And  under  any  of  the  middle 
Terms  if  its  Square  multiplyed  by  the  FraSlion  fianding  above  it,  be 
p-eater  than  the  Reffangle  under  the  immediately  adjacent  Termsy  Minus 
the  ReSlangle  under  the  next  adjacent  Termsy  Plus  the  Reffangle  under 
the  Terms  then  next  adjacent  —  'Jcc.  flace,  the  Sivi  -+-,  but  if  it  be 
kfsy  place  the  Sign  —.  Jnd  under  the  firft  and  lafl  Term  place  -h. 
And  there  will  be  at  leaji  as  many  impoffible  RootSy  as  there  are 
Changes  in  the  Series  of  the  under-written  Signs  from  +  to-^y  or 
from  —  to  -f-.  Letit  be  required  to  determine  the  Number  of  im- 
poffible Roots  in  the  JEquation  *'— 5Ar^+i5J»r^  —  234r*-l- 
I  8  AT  3  H-  I  o  a:  *  —  2  5  *  *f-  2  4  =  0.  The  Uneice  of  the  middle 
Terms  of  the  7th  Power  of  a  Binomial  are  7^  21,35,  35,  21,  7, 
from  which  fubtrafbing  Unity,  and  dividing  each  of  the  Remainders 

6      20    34 
by  twice  the  correfpondent  Uncia^  the  Quotients  will  be  -_, «_,— ^^.^ 

14.    42    70 
34      20     6  3       10     17      17      10      3 

— ,  — — ,  —  or  — ,  • ,  — ,  — ,  — ,  —  which  i^raftions 

70     42     14  7       21     35      35     2a       7 

Vol.  VI.  D  place 
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Lemma  IV.]  Let  the  Number  of  the  ^antities  tf,  i,  r,  i,  e^  &c. 
be  my   the  Sum  of  their  Squares  A^    and   the  Sum  of  the  Prodults 

made  by  multiplying  any  two  of  them  B.  Then  Jball  m  —  i  xA  be 
always  greater  than  B.  2 

For  by  adding  together  the  Squares  of  the  Differences  a  —  b, 
a  —  c^a  —  d^b — c^b — dyC — rf,  &c.  you  add /j*  asoften  toit felf as^ 
there  are  Quantities  more  than  a ;  the  feme  is  true  of  b^y  c\  d % 
^*,&c.  But tlw Reftangles  —  lab^  —  lacy — lady  —  2  bc^  — ibd^ 
&c.  arife  but  once  each.      Therefore  the  Sum  of  all  the  Squares 

a — by   a  —  Cy  b — f,   b  —  dyScQ.   =m--rixa^  -h  m- — ix^»  + 

m —  1  x^S&c.  —  2ab  —  2  ac —  2  b Cy  Sec.  z=,m —  i  x  A — 2  5. 

But  a —  b   -f-  a — c  +  a  —  dy  &c,  is  always  a  poficive  Quantity; 

therefore  m  —  i  \  A  —  2-Sis  Pofitive,  and  confequently  m  —  ixA 
greater  than  B.  2 

Coroll.]  It  appears  from  the  Dcmonftration,  that  the  Excels  of 

m  —  I  xA  above  2  5  is  always  equal  to  the  Sum  of  the  Squares 
of  the  Differences  of  the  Quantities  a,  by  Cy  dy  &c.  and  that  when  the 

Quantities  ay  by  Cy  dy  &c.  are  all  equal,  then  m  —  ix  A  —  25  =  ^5 
an3  with  dm  Reftridion  the.  preceding  Lemmata  muft  be  undcr- 
ftood. 

It  is  to  be  obienred,  that  tho*  w6  have  fuppofed  in  thefe  Lem- 
mata the  Quantities  ay  by  Cy  dy  &c.  Pofitive,  they  are  a  fortiori 
true  of  Native  Quantities,  whofe  Squares  aro  the  fame  as  if  they 
were  Pofitive,  while  the  Sum  of  their  Produdsis  either  the  fame, 
or  lefs  than  it  would  be,  were  they  all  Pofitive. 

Prop.  L]  In  a  ^adratic  AEquation  that  has  its  Roots  realy  the 
Square  of  the  fecond  Term  muft  be  always  greater  than  the  quadruple 
ProduSt  of  the  third  and  firft  Terms.     . 

Lee   the   Roots  of  the  Quadratic   Equation  be   nepreiented  bv 
H-  a  and  -f-.^ ;   and ;  if  a?  be  the  unknown    Quantity,    then  fliafl 
x*^-ax+ab  :=io 
^bx 

Now  fince  a^+b^is  greater  than  z  aby  by  Lemma  i,  therefore 

a*-hb*'+'2ab  is  greater  than  4.ab\  therefore  j^*x;^s  the 
Square  of  the  fecond  Term,  will  be  greater  than  4.abxx^  the 
Quadruple  Produft  of  the  firft  and  xhM  Terms. 

Prop.  II.]  In  any  Cubic  ASquationy  all  whofe  Roots  are  realy  the 
Square  of  the  fecond  Term  is  always  greater  thaif  the  triple  ProduSt 
of  the  firft  ana  third. 

If 
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If  the  Cubi<J  -Equation  has  aU  its  Roots  real,  they  may  be  re- 
prefented  with  their  Signs  by  a,  *,  r,  and  the  .Equation  will  be 
cxprefled  tlws : 

y  ^  —  tfy*  -^ ahy — abc  :=zo 

—  by^^acy 

—  cy^  +  bcy 

But    by    Letnma    2,    a*-+-J*"l-tf*is  always    greater  than 
ab^  ac-^  b  c\  and  confequcntly  adding  2  ab-^'  ^ac-^  zbc  to 

both  fides,  a*+J*-+-f  ^+2ab-\-2ac'h2bc  (=^j-f-i-Hi:  ' 

will  be  greater  than  ^  ab+  ^^ac  +  ^bc  %  and  therefore  a+b+c 

X  J  *  muft  be  greater  than  ^ab-^  ^ac^- 'ibc  x  y  *,  that  is,  the 
Sc^re  of  the  fecond  Term  muft  be  greater  than  the  triple  Pro- 
duA  of  the  firft  and  third  Terms. 

CorolL  I.]  In  general,  it  appears  from  the  Demonftratiom,  that 

'^ 
die  Square  of  the  Sum  of  three  real  Quantities,  a-\-b-\-c  is  always 
greater  than  the  triple  Sum  of  all  the  Produfts,  that  can  be  made 
by  multiplying  any  two  of  them  into  one  another. 

CorolL  2.]  It  follows  from  the  PropoiGtion,  that  when  the  Square 
of  the  fecond  Term  is  not  greater  than  the  triple  Produdt  of  the 
firft  and  third  Terms,  the  Roots  of  the  -Equation  cannot  be  all  real ; 
but  two  of  them  muft  be  impoffible :  and  this  plainly  coincides  with 
one  Part  of  Sir  Ifaac  Newfon*s  Rule  for  difcovering  when  the  Roots 
of  Cubic  -Equations  are  impoffible. 

Hedefires  you  may  write  above  the  middle  Terms  of  the  .Equa- 
tion, the  Fraftions  f ,  f ,  as  in  the  Mar- 
gin ;  and  placing  the  Sign  -f-  under  the  f  | 
firft   and  Lift  Term,    he    multiplies  the    x^-hpx^^qx-{-rz=u^ 
Square  of  the  fecond  Term  by  the  Frac-    H-      —         *      ■+• 
tion  -|  that  is  above  it ;    and  if  the  Pro- 

duft  is  greater  than  the  Produdt  of  the  adjacent  Terms,  he  places 
+  under  the  fecond  Term ;  but  if  that  Produft  is  lefs,  he  places 
—  under  the  fecond  Term,  and  fays,  there  are  as  many  impoffible 
Roocs  asChanges  in  the  Signs.  Now  by  this  Propofition,  if  p^  x*, 
is  not  greater  than  3  jx*,  or|/>*  x  *  greater  than  j  x  ^,  the  Roocs 
cannot  be  all  real.  The  fame  Suppofition  makes  two  Changes  in 
the  Signs,  whatever  Sign  you  place  under  the  third  Term>  fince  the 
Signs  under  the  firft  and  laft  are  both  -+- ;  and  therefore  this  pro- 
pofition  demonftrates  the  firft  Part  of  Sir  I/aac  jNewton^s  Rule,  as 
&r  ^s  it  relates  to  Cubic  Equations. 

CorolL  3.]    If  the  fecond  Term  is  wanting  in  a  Cubic  jEqualion^ 
and  the  third  is  Pofitive,  two  of  the  Roots  of  the  Equation  muft 

be 
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be  impoflible :  for  the  Square  of  the  fecond  Term  (equal  to  nothing  in 
this  Cafe)  will  be  lefs  than  the  triple  Produft  of  the  adjacent  Terms. 
But  this  will  better  appear  from  oonfidering  that,  when  the  fecond 
Term  vanilhes  in  an  Equation,  the  Pofitive  and  Negative  Roots 
are  equal,  and  when  added  together,  deftroy  each  other.  Suppofe 
the  Roots  to  be  H"  ^1  and  —  b^  —  c\  then  in  this  Cafe  /j  =  H-  ^ 
+  r,  and  the  Coefficient  of  the  third  Term  will  be  —  ab  —  ac 
-^-bc  =  —  b^  —  2  b  c  —  c^  -^bcziz  —  b* — be  —  f*,  and  con- 
fequently  Negative.  Or,  if  you  fuppofe  two  Roots  Pofitive  and  one 
Negative,  let  them  be  —  a^-hby  H-  r,  then  the  Coefficient  of  the 
third  Term  will  be  ftill  —  b^  -^bc  —  c*.  Therefore  when  the 
Roots  are  real,  the  Coefficient  of  the  third  Term  is  l^egative  ; 
and  if  the  Coefficient  of  the  third  Term  is  not  affeftcd  with  a  4ie- 
gative  Sign,  it  is  a  Proof  that  two  of  the  Roots  are  Impoffible. 

Prop.  III.]  In  any  Cubic  j^quation^  all  whofe  Roots  are  reaU    the 
Square  of  the  third  Term  muft  be  greater  than  the  triple  ProduSl  of 
the  fecond  and  fourth  Terms. 
.  In  the  fame  Cubic  -Equation,  whofe  Roots  are  a^  b^  r,  the  Square 


of  the  third  Term  is  ab'\- ac -{-bc^  the  Produft  of  the  fecond 
and  fourth  Terms  is  a*  be -ha  b^  c  •+■  abc\  as  is  plain  from  the 
Infpeftion  of  the  -liquation;  and  it  is  obvious  x\i2Xa^bc-\-ab^ c 
-+-  abc^  is  the  Sum  of  the  Produfts  of  any  two  of  the  Terms  a  J, 
acy  bc\  and  therefore  by  Corol  i.    Prop.  2.  the  Square  of  the  Sum 

of  thcfe  Terms,  that  is^  ab-^rac  +  b  c  muft  be  greater  than   3  ^  » 

bc  +  Sab^  c  -h  sac^  b.     So  that  ab-+- ac-hbc  xy*  muft  be 

greater  than  3^2*  ir  +  3  ab^  e-h  gae^b  xy*  ;  that  is,  the  Square 
of  the  third  Term  muft  be  greater  than  the  triple  Produft  of  the 
fecond  and  fourth  Terms. 


Coroll.  I.]  It  follows  from  the  Demonftration,  that  ab+ac-i-bc 

\is  always  greater  than  3<2Jrxa"+-/'-+-r. 

Coroll.  2.]  If  the  Square  of  the  third  Term  is  found  to  be  lefs  than 
the  triple  Produft  of  the  fecond  and  fourth  Terms,  then  the  Roots 
of  the  -^Equation  cannot  be  all  real  Quantities ;  and  this  concludes 
with  the  fecond  Part  of  Sir  Ifaac  Newton*j  Rule  for  finding  when 
the  Roots  of  a  Cubic  ^Equation  are  impoffi- 
ble :  for  this  Cafe  gives  —  to  be  placed  f  f 
under  the  third  Term,    and  confequently     x^-hf^^+qx^^rraz^ 
two  Changes  of  the  Signs,  whatever  Sign    -4-    -^         —      -I- 
is  placed  under  tlie  fecond  Term. 

Scbol.^ 
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ScboL^  After  the  fame  manner,  it  may  be  demonftrated,  that 
in  a  C»i;VJ?y«j//^«,  whofe  Roots  are  all  real,  if  the  fecond  Term  is 
wanting,  the  Cube  of  the  third  Part  of  the  third  Term  taken  pofi- 
rively,  is  always  greater  than  the  Square  of  half  the  laft  Term. 
Suppofe  that  the  RoDts  of  the  Equation  are -f- ^i,  — ^,  — r,  or 
—  ^^,  -f-  J,  -t-  r,  and  that  /j  =  ^  -l-  r,  then  the  fecond  Term  in  the 
Equation  will  be  wanting,  and  the  other  Terms  will  be  exprcffed 
thus: 


y^  ^ — b*  y::izbc  xb  +  c 
-^bcy 

The  Square  of  ^ — c  is  always  pofitive,    fince  b  and  c  arc  real 
Quantities.     Suppofe  it,  (viz.  b^  —  zbc  +  c*)  equal  to  D,   then 

J»-f-*rH-c*  =  D-+- 3  ^r,  and*-+-r  =iD-+-4Jr.     Therefore 

l^-^-hc-^c^   D^-hD^  bc-t-Db^c^-h  b^  c^  J    and*»r* 
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iH-/     Db^c^                                                    D^       D'bc 
X = -hb^  c  ^.      Now  *tis  obvious  that  —  +  

JDb  *  ^* 
+  I>b^  c^+b^  €^  is  greater  than H-  ^  ^  ^  ^    fince  D  is 

4 
politire,  and  i  c  alfo  pofitive,  J  and  c  being  Roots  having  the  fame 
S%ii.    Therefore  the  Cube  of  f  of  the  third  Term  having  its  Sign 

(b^^+TT+'c^  J .    ■ 
= y  IS  always  greater  than  die  Square  of 

27 


(  h-hc\ 

V=J*^»x— /.     In 


half  the  laft  Term  \szb*c^x /.     In  the  Cubic  Equation 

4 
«3  .^.  H-.jJf  4-r=^,   if  J  be  pofitive,  .^m:- if.  it  be   negative  and 

be  lefs  than  ^  r »,  it  appears  that  two  Roots  of  the  -^qua- 

27 

tion.muft   be   impoffible,   from  this  Corollary,  and  from  Cor.  3. 
Prop.  2.  taken  together* 

Prop.  IV,]  In  a  Biquadratic  jEquatiQtiy  all  wbofe  Roots  are  real 
^antittesy  \  of  the  Square  of  the  fecond  Term  is  always  greater  than 

the 


24  Of  Mquatims  with 

the  Produ£l  (f  the  firft  and  third  Terms  %  and  \  of  the  Square  tf  the 
fcurth  Term  is  always  greater  than  the  ProduSl  of  the  third  and  fifth 
Terms. 

1.  Let  ihe  -^Equation  be  ;^  *  — p  x  '  +  j x^  —  r  x  +j=^  j  and 
fuice  the  Roots  arc  fuppofed  to  be  all  real,  let  them  be  reprefent- 
edbytf,  b^  c^  dy  th€np=a  +  b-+-  ch  d^  2Lndqz=zab+ac  ^  ad 
-4-  J r  4-  bd^  cd. ,  But  it  is  plain  from  Lemma  3,  that  3  tf  *  -i- 
3i*-+-3^*-f-3J*is  greater  than  2ab^2ac'^2ad'+'zbc 
-hibd  +  icdi  and  confequently  by  adding  6  ab^  6ac  + 
6ad'h6bc'h  6b  d  +  6  c  a  to   both,   we    fliall    find  that 

3  X  a-i-'b-h  c-hd  *  muft  be  greater  than  8  ab-hS  ac-{- S  a  d 
-hSbc-hSbd-hScd'y  that  is,  3/)*  greater  vthan  8  q  ;  and 
therefore  i  p^  x^  greater  than  qx^. 

2.  Since  rz=:abc'i-  ab  d-h ac d^bc d^  and  s  z=.abx  d  '^  and 
fince  y  5  is  equal  to  a^  b^  cJ-ha^c^  b  d+  a^d^  bc^  b*  t^  ad 
-^-b^  d^  ac  -i-c^  d^  aby  which  are  the  Produfts  can  be  made  of 
any  two  of  the  Quantities  ab  Cy  abdj  acdy  be  dy  whofe  Sum  is  r 
multiplied  by  one  another, ;  it  follows,  that  3  r  *  is  always  greater 
than  S  q  s  :  So  that  |  of  either  the  Square  of  the  fccond  Term, 
or  of  the  Square  of  the  fourth  Term,  muft  always  be  greater  than 
the  Produft  of  the  Terms  adjacent  to  them. 

CarolL']  Multiply  either  the  Square  of  the  fecond  Term,  or  the 
Square  of  the  fourth  T^rm  of  a  Biquadratic  ^Equation  by  J,  and  if 
the  Produft  does  not  exceed  the  Produft  of  the  adjacent  Terms, 
fome  of  the  Roots  of  that  u^uation  muft  be  impoflible. 

Prop,  v.]  In  an.jEquation  of  any  Dimen/ion  exprejfed  by  my  the  Co- 
efficients of  the  fecondy  thirdy  lajiy  loft  but  oncy  and  laji  but  two  Terms ^ 
being  refpe£lively  Ay  By  JB,  JD,  C,  if  the  Roots  of  the  jEquation  are 

all  realy    then  fhall  m— i  xJ*  always  be  greater  than  2  m  By  and 
m — I  X  D *  greater  than  2m  C  E. 

1.  For  fuppofing  the  Roots  jo  be  ay  by  r,  J,  e,  &c.  then  by  Lem- 
ma 4y  fhall  m — "i  xa*-f-/» — i  xb^-h m  —  i  xr*&c.  be  greater 
than  2  a  b  +  2tf^-f-  2^  J,  &c.  and  adding  2m — .2  xab^ 
2  m  — 2  xac  +  2m  —  2  xady  &c.  to  both,  the  Sum  m —  i  x  a  * 

H-  2m  —  2  xab  +  m — i  x^^-f-Scc.  (=fw —  i  xThPT+TTSc* 
muft    be  greater  than  2  mab  +  2mac'{^2mady  &c.  that  is. 


m  —  I  X  A^  muft  be  greater  than  2mB. 

2.  In  general,  it  follows  from  this  Demonftration,  that  the  Square 
of  the  Sum  of  any  Qu^^^^^^^  whofe  Number  is  {m)  multiplied  by 
m  —  I,  muft  be  greater  than  thie  Sum  of  all  the  Products  can  be 

made 


impoffible  Roots.  2j 

made  by  multiplying  any  two  of  them,  multiplied  by  2  tn.  ^ut  it 
is  eafy  to  fee  from  the  Genefis  of  iEquacions,  that  C  £  is  the  Sum 
of  die  Produfts  can  be  made  by  multiplying  any  two  of  the  Terms 

whofc  Sum  IS  D:  From  which  it  follows,  that  m  —  i  x  D  *  muft  be 
always  greater  than  2mC  E. 

SIR, 

IV.  I  now  fend  you  the  CcHitinuation  of  my  Method  of  demonftrat-T^^^°?[^'""*" 
ing  Sirl/aac  Newton'%  Rule,  &a  deduced  from  this  Principle,  that^iMcth^ 
the  Squares  of  the  Differences  of  real  Quantities  muft  always  be  ©n  the  Ome 
pofitive;  and  with  it  a  fhort  Account  of  two  other  Methods  on   the  Subjca,  and 
lame   Subjed  :  I  have  added   feme    Obfervation^  on   ^Equations,  ^^  Obfcrvt- 
which  I  take  to  be  new,   and,  perhaps,   will  be  more  acceptable  ^'^^"^^f^^^ 
than  what  relates  to  the  imaginary  Roots  themfclres.  the  fame,  N» 

Befides  Sir  Jfaac  Newton*%  Rule,  there  arifes  from  the  following  408.  p.  59. 
general  Propofitions,  a  great  Variety  of  new  Rules,  different  from 
his,  and  from  any  other  hitherto  publilhed,  for  difcovering  when 
an  ^Equation  has  imasinary  Roots*  I  fhall  particularly  explain  one 
that  is  more  ufeful  tor  tluc  Purpofe^  than  any  that  has  been  hi- 
therto publifhed 

Suppofe  there  is  an  ^Equation  of  (n)  Dimenfions  of  this  Form, 

:r"  — Ax"-'  -f-Bx*'-*  —  C^c  —  ^  -f- D/^  "-^  —  E;^»-^-f- 

F x'—  «  —  G  j^*'-^  -+•  H  X  »-  «  —  I X  «-  ^  -f-  K  x»-  « •  &c.  =  o. 

And  that  the  Roots  of  thb  Equation  are,  a,  b,  c,  d,  e,f,  g,  h^ 
iykyl,&cc.  then  fhall  A  =  a-f-*-f- f*4- J-+-tf-H/&c.  and  there- 
fore I  call  a,  by  Cy  d,  e,/,  &c.  Parts  or  Terms  of  the  Coefficient  A. 
For  the  fame  Reafon  I  call  d^,  ae,  ady  ae,  be,  bd,  ^J|  farts  or 
Terms  of  the  Coefficient  B  ;  abc,  abd^  abcy  acd,  bed,  &c.  Parts 
or  Terms  of  C;  abed,  a  bee,  abcfy  Parts  or  Terms  of  the  Co- 
efficient D,   and  fo  on.    By  the  Dimenfions  of  any  Coefficient,    I 
mean  the  Number  of  Roots  or  Fadors  that  are  multiplied  into 
each  other  in  its  Parts,  which  is  always  equal  to  the  ^fumber  of 
Terms  in  the  Equation  that  precede  that  Coefficient.    Thus  A  is  a 
Coefficient  of  one  Dimenfion,  B  of  two,  C  of  three,   and  fo  of  the 
reft.     I  call  a  Part  or  Term  of  a  Coefficient  C  ftmiUr  to  a  Part 
or  Term  of  any  Coefficient  G,  when  the  Part  of  G  involves  all  the 
Fa6tors  of  the  Part  of  C:  Thus  ab  c,  abc  defg  are  fimilar  Parts 
of  C  and  G ;  after  the  fame  Manner  abcdyabcd  e/avt  fimilar  Parts 
of  D  and  F,  the  Part  of  F  involving  all  the  Fadlors  of  the  Part 
of  D.     Thofe  I  call  dijjimilcw  Parts  that  involve  no  common  Root 
or  Faftor:  Thus  ab  c^  and  defgb  are  diffmiilar  Parts  of  the  Co- 
efficients C  and  F.     The  Sum  of  all  the  Produfts  that  can  be  made 
by  multiplying  the  Parts  of  any  Coefficient  C  by  all  the  fimilar  Parrs 
of  G,  I  exprcfs  by  C  G'   placing  a  fmall  1-inc   over  each  Coeffi- 
Vol.  VI.  E  cienc: 
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dent:  After  the,  fame  mapnerjP.'F'ejcpreffes  t|«  3um  of  MLAc 
Produfts  that  can  be  made  by.  mvltipjyiflg  th^fimiUr  Smarts-;  of.  D 
and  F  bj  each  other  i  andC  xG'ejcpirefl[b».tl>e  Sum  of  jbe^SSioares 
of  the  Parts  of  the  Coefficient  C,^  but  C'  x  C^  cxpreffes  the  Sum  of 
the  Produfts  that  can  be  made  by  mukiplying  any  two^  ParU  of 
C  by  one  another.  Thefe  ExpreflioftS'  being  Underflfobd,  and  the 
five  Propofitions  in  Thil  Tranf.  N^  394,  being  premifed,  ;iext  fol- 
lows "^  \ 
Prop;  Vrj  If  the  Diffenna  cf  tbt  Dmenfions  cf  artf  ttskf  Coef- 
'  ficienu  CandUbe  called  {m}'(hinjball  ihd  Produ£l  ef  tbefe  Coef- 

Jicients  tnuUtpUd..  by  one  another  ]be^  equal  to  X'  G'  -\-J}ir\^2  x B'  H' 

''.:..:  1        .  \''2'  '■.''!  .'2  3 

X  I  X  K; 

Where  B  and  H  are  the  Coefficients  adjacent  to  the  Coefficients 
C  and  G,  A  and  I  the  Coefficients  aiijatcnt  to  B  and  H,  I  and  K 
the  Coefficients  adjacieflt  to  H  iand  H.        •      - 

It  is  known  that  CzHabc^^-^ab  d^+'abe-h  dhf-^ab g^  &c. 
and  G=abc  defg-h  abc  def  h'+'  abc  deft -hb  c  defgb^Scc. 
and  it  is  manifeft, 

I.  That  in,  the  Produfl:  CG  each  Term  of  CG'will  arife  once 
as  ^  *  ^  *  c""  d  efg.     But 

a.  Any  T^m.  of  B'  H'  as.^J*  b*  i:  defg  h  may  be  the  Produdt 
o{  ab  c^  and  abd  efg  b,  or  of  abd  and  ab  c  efg  b,  or  of  abe  and 
4ib  c  dfg  h^  or  of  abf  and  a  he  degb,  or  of  abg  zniabcdef  by 
or  iaftly  of  abb^nAab  c  defgy  to  that  it  may  be  the  Produd: 
of  any  Term  of  C  that  inyolres^  with  abont  of  the  Roots,  r,  d^  e^ 
y;^,  i5>,*muitiplied  by  that- Term  of  G,  which' involves  nb  and  the 
other  'five  ;  that  is,  it  ^may-  arife  in  jfhc  Produft  C!G  as  often  as 
there  are  Roots  in  a*  b'^cd'efgh  befides  a  andf,'  ir^in  ^oeral, 
as  often  as  there  are  Units  in  die  Difference  of  rtie  DimenMons  of 
B  andH,  that  is,  m+i  titnesj  becaufe  jw  exprcffc?  the  DifFerence 
of  the  Eh'menfioni  of'CandG,'  and  confeqnently  ift  ^expt'cffing  tKe 
Vkhie  of    C  G  the  Cb^fficfenfe  of  the  fecond  Term  B'-H*'malV  be 

'  3.  Any  Term  of  A  1,  ns  a-^  b  c  d  efg  h%  'may  be  the  Produft 
of  any  Part  of  C  that  involves  the  Root  a  with  any  two  of  the  refl 
t,  r,  d^  e,f^  g,  6,  i  (tht  Number  of  whfch  is  the  ^Difference  of  the 
Dimenfionsof  A  and  I,  which  is  in  general  eqiial  ro  ttj -4r4)  niulti^ 
plied  by  the  Part  of  G  that  involves  a  ahd  cite  othorfix  ;  and 'there- 
fore ^z  *  bcdefgbft  or  any  other  Term  of  A'-T  muft  arkc  as  t?ftea 
as  difierent  Produfts  of  two  Quinticies  can '  be*^takcn  from  -Quan- 

wH-4 — I 

tides  whofe  Number  is/»  +  4,    that  is  m-^r^x times, 

2  or 


itfipoffihk  Roots)  357 

or  — —  X  ■  ■  "     '■     dmcs  %   and  confcqucntly-  in  -cxpreflHjg   the 

I  2  .... 

Value  of  C  G  the  Coefficient  of  the  third  Term  A'  V  muft  W 

m  -4-3      irt*f-4  /'  '■'  •••  '^  *'  .^   -^ 

■  X •  -■•■J  •  »..,:*.      ii: 

4.  Any  Term  of  I  x  K,  as  tf  J  ^  J  ^/^  J5>  /  it,  may  be  the-Produ A 
of  any  Part  of  C  diat  involves  three>of  its  Faftors,  and  of  tlie  Purt 
of  G  that  involves  the  iip^vi^Q^^  therefore  niay  arife  in  the  Piodudb 
CG  as  often  as  different  Products  of  threa  Quantities  can  be  taken 

out  of  Quantities  whofe  Number  hm^  ^^Aixxt  Is,  1%  -<h  6. x  •t*^r-i — 

2 

X times,  and  therefore  t*ie  CtoifficfcntoftlielbuVth  'Tttmiflh 

3 

the  Value  of  C G  muft  he  — — r- x    ^   •'  •  x-*'  ;•■  ■  ■/ 

Li  g^eral,  in  expreffing  the  Value  o^  ih^  ProduA  of  any  two 
Coefficiepcs  C  and  G,  if  jrexpwferAc.^^^  \^ 

Value  as  A'T,  that  is,  the  Number  or  Terms  that  precede' iti  the 


Coefficient 


C^r^tf.  I.]  If  it  is  required  to  find  by  this  Propofition  the  Square 
of  any  Coefficient  E,  then  fuppofe  i»  =0,  the  Difference  of  the  Di- 
50tenfiQns:.pf,,the.Cqe^c^     ux  thi^  jf^^(^;F^*3?l^.   ^?^..F?  .%tf 

iuvcE.^^JE'xi^^^ 

h'lV  tec  =lE'x E^4-2 D'F'-+- ^.CG'^-2  QB'«'-rf- ?  f>  Afft-f- 
25  1^  K.j.Thcwfore  ifjE'ixE^Wprefs  ithqJSBm  Qf'th*P<fo^to^c5rf' 


E^  =:E'xE'  -h2  pr-k  6C\%^^pK^^^ 

E  2  CG 
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CG=  -  - C'G'+   6  B' H'+ a8  A'l'-kjwK 

BH=. B'H'+  8  A'l'-*-  45K. 

A  I  = AT-f-   loK 

K    = K. 

Coroll.  3.]  It  eafily  appears  by  comparing  the  TheoKtns  given 
in  the  laft  Corollary,  that 

E'E'=.E»~2DF-f-2CG— 2BHH-   2AI—   2K 

lyPs DF— 4CG-f-9BH— i6AI-f-25K  j 

CG'  = CG— 6BH4-20AI— 50K 

B'H';= BH—    8AI4-35K 

A'r  =  -  -  .  -  -  .  .  .  - -  .  -  -  -  AI— loK, 

»—  I      n —  2 
Prop.  VII.]  Letl=nx  ••    ■    ■-  x  ■    •       &c.  taking  as  many  Foe- 

*        3  : 

)  l-x 

tors  as  the  Coefficient  £  has  Dtmenfions,  and xE*  Jball  always  ^ 

2/  :, 

exeeed  DF  — CG-hBH  — AI-t-K  when  the  Roots  of  the  M- 

^nation  are  all  real  ^antities.  ■„ 

For  it  is  manifeft  that  /  expreflb  the  Number  of  Farts  or  Terms  j 

in  the  Coefficient  £,  and  it  is  plain  from  Fropofidon  V.  (See  Phil.  i 

■/—i  .    -■  ■  2 

Trauf.  N*  394.)  that  — —  x  £  »  muft  always  be  grqtter  than  the  ti 

2/  3 

Sum  of  the  Produds  that  can  be  made  by  multiplying  any  two  of  i 
the  Parts  of  E  by  each  other,  that  is,  than  E'  x,  E, ;  but  2  E  x  E. 
=  E»,—  E'E'=  (by  the  firft  Thcoremin  the  laft  Corollary)  2  DF 

/— r 
—  2  CG+  2 B  H— •  2  A  I-f- 2  K,  and  theref<M'e  fince.^-— x  E*       ' 

/-I     •■"  r 

muft  always  exceed  E'E„    it  follows  that E»  muft  always        .' 

a/  } 

tie  greater  dian  DF—  CG  H-  B  H  —  A 1  +  K  when  the  Roots       J 
of  OK  .Equation'  are  real  Quantities.  '/^ 

Scbol."]  In  following  my  Method  this  was  the  firft  general  Pro> 
pofition  preiented  it  felf.    For  having  firft  obferved  that  if  I  ex-       ii 
prefles  die  Number  of  any   Quantities,   the  Square  of  their  Sum 

/—I 

multiplied  by muft  always  exceed  the  Sum  of  the  Produ£b 

2/  ^ 

tcAdc  by  multiplying  any  two  of  them  by  each  other}    and  that      '1 

the 
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the  Ezceis  was  the  Sum  of  th©  Squares  of  the  DifFerences  of  the 
Quancicies  divided  by  2/.  it  was  eafy  to  fee  in  the  Equation  ;r»  — 
Ax'-'.-t-B^"-*— C;^«-5  4-  D;f«-^  &c.  =  o,  fince  B  is 
the  Sum  of  the  Produdts  of  any  two  of  the  Parts  of  A,   that  if  / 

/—I 

cxprefles  the  Number  of  the  Root  of  the  Equation, x  A* 

2/ 

inuft  always  exceed  B  ;  and  this  is  one  Part  of  the  fifth  PropofiUon. 
In  the  next  Place,  I  compared  the  Sum  of  the  Produ<5U  of  any  two 
Parts  of  B  with  AC,  and  found  that  it  was  not  eoual  to  A  C  but  to 
AC  —  D-,  from  which  I  inferred,  that  if  /  expreffcs  the  Number  of 

/—I 

the  Parts  of  B,  then x  B*  muft  always  exceed  AC— D  ;  and 

2/ 

dseie  eafily  fuggefted  this  general  Propofidon. 

Prop-  YlIL]    Let  r  exprefs  the  Dimenjions  of  the  Coefficient  C,  and 
s  the  Difference  of  the  Dimenjions  of  the  Coefficients  C  and  G,  then  B 


and  H  bang  Coefficients  adjacent  to  C  and  G,   n — r — s  xrCG'  Jhall 

idwajs  he  greater  than  j-t-ixj-t-2xB'H'  when  the  Roots  of 
the  jEjuatign  are  all  real  ^/antities  affeSfed  with  the  fame  Sign. 

For  uking  the  Differences  of  all  thofe  Parts  of  the  Coefficient  C 
that  are  fimilar  in  all  their  Fadors  but  one,  z&abc^abb^a  bij  &c.  and 
multiplying  the  Square  ofeach  Difference  by  fuch  Partsofthe  Coefficient 
D  (which  is  of  s  Dimcnfions)  as  are  diflimilar  to  both  the  Parts  of 


alfc  —  abt]^  -habc  —  abil*  +  ab'c-^aif^^  8cc.  -h 

abc  —  acbl^  •+•  abc  —  acj\^  +  ahc  —  ack\*  &c.  4- 

abc'—bcb\*  'habc  —  bce]^'hatc—bcki^  &c.    by      . 

defg  the  Term  of  D,  that  is  diflimilar  to  all  thofe  Parts  of  C,   you 

wiU  find  that  a*  i*  c\defg  will  arife  in  die  Sum  *f  the  Produfis 

r  X  n  —  r  —  s  times :    For  thofe  Produfts  may  be  alfb  expreflcd 
thus  defg  j»  i»  X  c  —  bY  H-  c  —  ij*  H"  c  —  l^  &c. 
-f-  defg  a>  c»  X  r=l{»  4=Tiril*H^  Jllih  &c. 

+  defg  fc*r»xT^A|»-l-  tf— il*-+-  tf  —  *|*  &c,  where  the  Num. 

bcr  of  the  Differences  f  — -/&,  ^  — /i  f  — *,  &:c,  whofc  Squares  arc 

multiplied 
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,^_3«4fig  x  «'H'—  56  a;  r  =7 

The 


SS' 


J 


multiplied  hy  defg  a^  6*  is  manifeftly  equal  to  the  Number  of  the 
Roots  of  the  jEquation  that  do  not  enter  a^b^  c*  ^^fg  ^^  ^^^^^fgj 
that  is,  to  the  Excefs  of  the  Number  of  the  Roots  of  the  -^ua-  ^ 

tion  above  the  Dimenlionsof  ab  cdefg^  a  Term  of  G,  that  is,  to  ^ 

n — r  —  J.    But  in  collefting  all  the  faid  Produdls,   ». —  r — s  x  ,1; 

a^  b^  c^  defg  muft  arife  as   often  as  there  arc  Units  in  r :  Becaufe  ^ 

the  Terms  which   are  fubtrafted   from  abc  may  differ  from  it  in  "' 

the  Root f,  z%abh^   abiy  abky  &c  or  in  the  Root  b^    zs  acbj  t 

acuac  ki  &c.  or  in  theRoota,as  bcb^  be  iy  ir*;that  is/»  —  r-^s  ^i^ 

X  tf*  b^c^defg  muft  arife  as  often  as  there  are  Dimcnfions  in 
abcy  2i  Term  of  C,  or  as  often  in  general  as  there  are  Units  in  r, 
which  expreffcs  the  Dimenfions  of  C:  Therefore,  the  T^m  a^h^  e* 
defg  will  arife    in    the    Sum    of  the    abovemcntioned    ProduAs 

rxn  —  r —  s  times. 

The  negative  Part  muft  conflfl  of  the  Terms  .of  B'  H'  doubled;  >} 

each  of  which,  as  2a^b^e4efg  may  arift  ai  often  w  there  can  i 

be  Differences  e  —  dj  c — e^  c — /,  c  —  g^  d — ^,  &c.    affumed  a-  i! 

mongft  the  Terms  c^  d,  e^  /,  g  whole  Number  is  =  to  V  -+-  a  that  is,  .^ 

H-i  -     

2  X timqs •,  and  therefore  a*  b^  cdefg  or,  any  o(her  P^rt  3 


of  B'  H'  muft  iirifc   in  the  negative  .Part  x  H- i  x  jH^k- tiaww*;  ^ 

and.  fmoe    the    whole   Aggregate   muft    be   poBtive    it    fbllo^ws  ./ 

n  —  r — s  xr  C  G'  muft  always  exceed  j  -+- 1  x  j-t-2  xB'H'.       ;  c 

'    CorolL  i]  Suppofe  we  are  to,  conapara  E'E'the  ^upi  of  thi?  Squares  ^ 
6f  the  Parts  of  E  with  P'F';  tTip  Sum  of  the  r^rQ^iJis^pif:  thejqnji- 

jar  Parts  of  D  and  F  5  in  this  Cafe  s  vanilhes,   and  therefore  n—r 

xr  E'E'  muft  exceed  2  IXF'.    Let^ — r  x«r  =  m,  and^oflfequently  -. 

#1 — r — I  j^r.-^i  as^» — «■+•  I  -,->r— r— 2  xr-;^2=;^     g>-»+4;  ^. 

TlT-rr-r-jxrfTr^  j5=  w-p  3;;f+-  9i  »—  r— r  4  x/^^-^4 s-^t^:f:J-i  6. 

JSinCe'.it  is  plain  that  r — r — -j  xr  ^-^  j  -irw'-^r  X^r«^$;i**f4  ^V"  ] 

rJEhen  by  ,this  Propofition:,  fuppofing-    ,    .    :       *•  *.  '^"^"1    7   -  ,  1 

m—  n-^ix  li'  F'  —  1 2  fc'  a=F                  --^   '    ''  } 


>}"  ' Ti/fT/'.    J         •  '  .:.,  4 
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The  Quandties  A',  b\  c\  i^/,  muft  be  always  pofitive  when  the 
Roocs  of  the  -flEqaation  are  real  Quantities  afFefted  with  the  fame 
Sign.  The  Coefficients  prefixed  to  the  negative  Parts  are  the 
Numbers  2,  12,  30,  56,90,  whofe  Differences  equally  incrcafe  by 
the  fame  Number  8. 

CorolL  2  ]  Suppofing  as  before,  that  n  —  rxrz=im\  and  alfo  that 
m  xm  — »-+-  I  z=:iifi  -,  '?te'  X  «— •  2»-4-4=  pi*  j    m"  x  m  —  ^n-h^ 

=  m"  &c.    it  may  be  demonft rated  after  the  manner  of  this  Pro- 
poGclon,  that  if 

mE'E—2xi2CG'=a 
m"E'E'—2  X  i2x3oB'H'i=a"' 
«/"£'£'—  2  X  12  X  30  X  56  AT  =  ^""&c. 

Then  fliall  a\  a\  d[\  &c.  be  always  pofitive  when  the  Roots 
are  real  Quantities,  whether  they  .be  affefted  with  the.  Xame,,  xjr 
with  different  Signs.  The  negative  Coefficients  arife  by  multiply- 
ing thofe  in  the  preceding  Corollary,  2,  12,  30,  c,(>^  90,  by  one 
another. 

Prop.  IX.]  Let  d^  h\  c'i  ^,  e\  andme^cprefs  the  fame  ^antities 
as  in  the  CoroUaries  ofjks  laft-  Propofition^  and  mE^-^ 

»-+-  «.^  I  X  D  F  ':rzd-^b'  +  2  /+  sd'^  14/,     ^ 
For  by  Cbr.  ii.  Prop.  vi. 

E^-  =  E'E'  +  2D'F'  +  6CG'+2oB'H'  +  7oA'r  +  252K, 
and  by  the  fanae  .  .  .  i  . 

DF=  ....  ^  D'F+4CG'+i5B'H'  +  56A;r+2ioK; 
therefo  rcmE^ —m-^n-h  1  xDF  =  fwE'E'H-«  — »-l  i"xD'F' 
+m—2n—2X2CG  +;»— 3«— 3  X5  B'H'H^w— 4«_4x 
14  A' r  -4-;»-^5«. —  5  k  4  2  K z=  (by  fubftkuting  fucceffivdy  for 
mKE\  w  — «-+■,!  xD'f;  w_2»H-4xCX',  ^TtT^Tqr^j, 

B'H',  f»  —  4.«+  i6x  AM'  their  Values  deduced  from  the  firft 
Corollary  of  the  laft  .Prppofuion)  =  «'  -I-  t'-f-  2  /  H-  5/  -+-14  e\ 
where  the  Coefficients  prefixeyl  to  a',  b\  c\  J,  ^V  are  the  Differences  of 
the  Coefficients  of  E'E',  D'F',  C'GVB'H',  A' I',  and  K  in  the 
Values  of  E»  an4  DF  uken  frop  Cqr,  ii.  Prop.  VI.  being  I.  -rro, 
2  —  1,6 — 4,26 — i5»  70  —  56  arid  252  —  210.     *  *    "•* 

CorM. Since  iwbt  n — rxr  therefore arf-c 4- 1 -^n-r^ r-^  1  xr-f-i; 
r  n^—r'  -    • 

and  confcquemly x xE*   muft  always  be  greater 

r+  I       n — >4-i 

than 
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than  DF  the  Produftof  the  Coefficients  adjacent  to  E  ;  and  hence 
the  Fraftions  are  deduced,  that  in  Sir  IJMC  NewtonH  Rule  are  placed 
over  the  Terms  of  the  Equation,  which  multiplied  by  the  Square 
of  the  Terms  under  them,  muft  always  exceed  die  Produdsofthe 
adjacent  Terms  of  the  Equation,  when  the  Roots  are  real  Quan* 
titles :  For  it  is  manifeft  that  the  Fradion  to  be  placed  over  the 

n  —  r 

Term  E  ;tf  "-^  according  to  that  Rule  is  the  Quotient  of 

r-f-  I 
n — r-f-i 

divided  by  >  .  j 

r 

Prop.  lo.  ^be  fame  Exprejftons  being  allowed  as  in  the  preceding  Z\ 

PropofitionSy  it  will  be  found  in  the  fame  manner  that  as 


J 


wE»— wH-  »-+-ixDF=a'4-*'-*-2c'+5t/+i4/,ro 
w— »-h  I  xDF— w-f-2»-H4xCG=i-  .^^'H-sc'-hptf-f-ig  tf' 
w— 2«4-4  X  CG  _»iH-3»H-9  xB H=  -  -  -  -  <:'-+- 5^-+- 20/ 

m — 3«-l-9"x  B  H — »i-+-4jH-iSx  AI=-------  d!+  7  e 

m—j^fH-i^x  A I  — wHF5«-p25X  K    = e. 

Thefe  Theorems  are  eafily  deduced  from  the  Theorems  given 
in  the  fecond  Coroil.  Prop.  Vl.  and  the  firft  Coroll.  Prop.  VIII ;  and 
the  Coefficients  prefixed  to  a\  h\  c\  d\  e\  are  the  Differences  of 
the  Coefficients  of  the  correfponding  Terras  in  the  Values  of  E  % 
DF,  C  G,  B  H,  AI  and  K  in  Cor.  2.  Prop.  VI. 

Corol.}  Hence  the  Produftsof  any  two  Coefficients,  as  DF  and 
A I  may  be  compared  together  when  the  Sum  of  the  Dimenfions 
of  D  and  F  is  equal  to  the  Sum  of  the  Dimenfions  of  A  and  I.  Let 
the  Dimenfions  of  A  and  F  be  equal  to  5  and  m  refpeftively,  and 

n — s    »— J— I     n — s  —  2 
lee  p — X X &c,  taking  as  many  Fattors  as 

j-*-i        i-f-2        J  "+-3 

there  are  Units  in  the  Difference  of  the  Dimenfions  of  D  and  A. 

n  —  m    n — m — i    n — m — 2 

Let  a  = X- X— &c.  taking  as  many  Factors 

»»-+-i         w-h2        m+i 

q 

as  you  took  in  the  Value  of  J>.    Then  fhall  —  x  D  F  always  exceed 

P 
A I  when  the  Roots  of  the  Equation   are  real  Quantities  affedted 
with  :thc  fame  Sign  5  and  this  Rule  obtains,  though  the  Roots  are 
*^  affeftcd 


y 
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aflftded  with  difFerent  Signs  when  the  Coefficients  D  and  F  are 
equal. 

Prop.  XL]    The  fame  Things  being  fuppofed  as  in  the  preceding 
Propofitions.- 


1.  «E* — i»H-iX2DF4-OT-h4X2C  G — m~{-^ 
aBH-(-«»-f-i6x2  AI  — OTH-25X2K-.. 


Xi 


=  a. 


=  t'. 


S  Ci 


2.  »i— » -t- 1 X  D  F— w_» -t- 4  X  4  CG  4- »— »-h  9  X  ( 
9BH — m — n-^i6x  16AI4-W — »-*- 25x25  k' 

3.»» — 2»-f-4xCG— w — 2»H-9x6BH-+-w — 2«H-i6xJ 
20AH-W — 2»4-25  X50K  -- ... 

4.»»— 3  g-fg  xBH—w— 3114-16x8  Al+CT—3yh25X35K=//'. 
5. »— 4»H-i6  X  AI— OT— 4«4-25  X  10  K  =/. 

Thefe   Theorems  follow  eafily  from  the  third  Coroll.  Prop.  VT. 
The  firft  cafily  appears  thus,«'=  m  E'E'— 2D'F'=  (by  diat  Corollary) 

«E»  — 2»»DF-f-2«CG  — 2WBH-+-2W  AI  — 2wK. 
—  2  DF-t-8CG—  18  BH-+.32  AI—  50K. 

=  »E»  — OT-i-i  X  2  DFH-i»-i-4X2CG  — *»-+-9  x2BH 

+  i»-f-i6  X  2  A I  —  »»-f-25  X  2  K.     The  other  Theorems  are 
deduced  from  dxe  fame  Corollary  compared  with  Coroll.  i.  Prop. 

r  111* 

Prop.  XII.]  The  fame  Things  bHng  fuppofed  as  in   the  fecond  Co- 
nllary  of  Prop.  VIII.  ^ 

i.ibE* — otH-  IX  2DF-l-»i-f-4x  2  CG — wH^^xJ 
2B  H-t-OTH:-i6  X  2  A I — wH-  25X  2K    .  .  .  -  . 

2,;^E  •  —  2  »l'DF  +  ;»'  — 12  X2  CG—  w'_72  Xi 

2  BH-f-w'— 240  X  2  A I  —  w'— 600X  2  K  .  - 
3.  m    E*  —  2  w"  D  F  -f-  2  /»"C  G  ~«''-f-  360 

2BH+w'"+ 360  x8x  2  AI—;„-4-3^ox  35  x2K; 
4.iw'"xi!.-  —  2bjf-H2CG  —  2BH+w"— 750x28  xj 


=  tf< 


'  =  «.' 


/// 


A  I— w""  —  7200  x  28  x  2  K 
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Thcfe  Theorems  follow  from  the  third  Coroll.  Prop.  VI.  compared 
with  the  fccoad  CorolL  Prop.  VIII.  The  firft  is  the  fame  with  the  firft 
of  the  laft  Propofition.  The  fecond  is  demonftrated  by  fubftituting 
in  »i'E'E'— 24CG'  =  tf'\  the  Values  of  E'  E'and  CG' given 
in  the  3d  Cor.  of  the  6th  Prop.  The  third  is  found  by  fubftituting 
in  m"  E'  E'  —  270  B'  H'  =  a"'  the  Values  of  E'  E'  and  B'  H'j  and 
by  a  like  Subftitution  thefe  Theorems  may  be  continued. 

A  general  Corollary.']  From  thefe  Propofitions  a  great  Variety 
of  Rules  may  be  deduced  for  difcovering  when  an  .Equation  has 
imaginary  Roots.  The  Foundation  of  Sir  Tfaac  Newton*s  Rule  is 
demonftrated  in  the  ninfb  Propofttiorij  and  its  Corollary.     The  7th 

I— I 

Propofition  (hews  that  if x  E  *  does  not  exceed  D  F  — C  G  + 

2/ 

B  H  —  A  I-f-  K,  feme  of  the  Roots  of  the  -Equation  muft  be  ima- 
ginary ;  and  fometimes  this  Rule  will  difcover  impoflible  Roots  in 
an  -Equation,  that  do  not  appear  by  Sir  Ifaac  Newton'^  Rule.  Thefe 
are  the  only  two  Rules  that  have  been  hitherto  publiflied.  But  the 
Rules  that  arife  from  the  Theorems  in  the  nth  and  12th  Propo- 
fitions, are  preferable  to  both  5  becaufe  any  imaginary  Roots  that 
can  be  difcovered  by  the  7th  or  9th  always  appear  from  the  nth 
and  1 2th  Propofitions  ;  and  impoflible  Roots  will  often  be  difco- 
vered by  the  nth  and  12th  Propofitions  in  an  .Equation,  that  do 
not  appear  in  that  Equation  when  examined  by  the  7th  and  9th 
Propofitions.  The  Advantage  which  the  Roles  deduced  from  the 
nth  Propofition^  have  above  thofe  deduced  from  the  preceding 
Propofitions,  will  be  manifeft  by  confidcring  that  in  the  nth  Pro- 
pofition we  have  the  Values  of  the  Quantities  a\  h\  c\  i^  e\  fepa- 
rately;  whereas  in  the  preceding  Propofitions,  we  have  only  the 
Values  of  certain  Aggregates  of  thcfe  Quantities  joined  with  the  fame 
Signs.  Now  it  is  obvious  that  if  thefe  Quantitres  be  feparately 
found  pofitive,  any  fuch  Aggregates  of  them  muft  be  pofitive  ;  but 
thefe  Aggi^gatcs  may  be  pofitive,  and  yet  fome  of  the  Quantities 
a'^  b\  c\  ^s  e\  tbemfelves  may  be  found  negative :  From  which  it 
follows,  that  if  the  Roots  of  the  -Equation  are  all  affefted  with  the 
fame  Sign,  and  no  impoflible  Roots  appear  by  Prop,  nth,  none 
will  appear  by  the  preceding  Propofitions  •,  but  that  fome  imagina- 
ry Roots  may  be  difcovered  by  Propofition  nth,  when  none  ap- 
pear in  the  -Equation  examined  by  the  Propofitions  that  precede 
the  nth.  If  fome  of  the  Roots  of  the  ^Equation  are  pofitive,  and 
fome  negative  (which  always  eafily  appears  by  confidering  the  Signs 
of  the  Terms  of  the  /Equation)  then  the  12th  Propofition  will  be 
in  many  Cafes  more  apt  to  difcover  imaginary  Roots  in  an  .E- 
quation.than  thofe  that  precede  it.. 

The  Rule  that    flows   fix)m    the  firft  Theorem  o^  ilht  nth  Prop. 
obtains  when  the  Roots  of  the  Equation  are  affeacd  with  different 

Signs 


j 
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mm  lame  Sign,  then  AC  muft  exceed  ,6  D:'  l«"ffirExcS& 

F2  5B» 


The  Rule  that   flows*  from   the  firft  Tbeffremo^  xht  nth  Prep. 
obtains  when  the  Roots  of  the  Equation  are  afFedlcd  with  different 

Signs 
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Signs,  as  well  as  when  they  all  have  the  iame  Sign,  and  it  is  this  s  • 
Multiply  die  Number  of  the  Terms  in  an  iEquation  that  precedes 
any  Term,  as  E  j^  ''^-^  by  the  Number  of  Terms  thi^f  follow  it  in  the 
fame  Equation,  and  call  the  Produdl  m.  Suppofe  that  -f-  D  —  C, 
+  B,  —  A,  -f- 1  are  the  Coefficients  preceding  the  Term  E  x  "^^ 
and  that  H- F,  — G,  -+- H,  — I,  4-K  arc  the  Coefficients  that 


follow  it ;  then  if — i»E*  does  not  exceed  m-i-  i  xDF  —  w-t-4 
2 


xCG-f-m-hpxBH—  w-hi6xAH-i7i-+-25xK,the^qua. 
tion  muft  have  fome  imaginary  Roots  5  where  .die  Coefficients  w  -h  i , 
w4-  4,  w-+-9,&c.  are  found  by  adding  to  ^  the  Squares  of  the 
Numbers  i,  2,  3,  4,  &c.  which  fhew  the  Diftances  of  the  Coeffi- 
cicnts  to  which  they  are  prefixed,  from  the  Coefficient  E.    The  fecond 

I 
Theorem  of  the  12th  Propofition  fliews,  that  if  — w'E»  does  not 

2 


exceed m'DF*  —  m  —  12 xC  G  +  m — 72  xBH  —  m'  —  240 xAI 

+m'  —  600  xK,  the  .Equation  mufk  have  fome  Roots  im^inary. 

For  an  Example,  If  the  four  Roots  of  the  Biquadratick  -ffiqua- 
don  ;f  ♦  — Ax  ^  -hBx  *  —  C  *  -I-  D  =  o  are  real  Quantities,  it 
will  follow  equally  from  the  5th,  7th,  9th,  and  nth  Propofitions, 

3  3 

that  —  A  »  muft  be  greater  than  B,  and  that  —  C  *  muft  exceed 
8  8 

5 
B  D.    The  7th  further  (hews  that  —  B  •  muft  exceed  A  C  ~  D  $ 

12 

4 
the  9th  demonftrates  that  —  B  *  muft  exceed  AC;  but  our  Rule 

9 
deduced  from  Prop,  XL  fliews  that  2  B  »  muft  exceed  5  A  C — 8  D, 

I 
the  Excels  being  —  a%  and  the  Rule  deduced  from  the  fecond 

2 

Theorem  of  the  12th  Propofition  fliews  that  B  •  muft  always  ex- 

cecd  2  AC+4D,  theExcefs  bemg  — a".    It  appears  from  fevc- 

4 
ral  preceding  Propofitions,    that  if  the  Roots  of  the  Equation  have 
all  die  iame  Sign,  dicn  AC  muft  exceed  16  D  :  Let   the  Excefles 

F  2  5B» 
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•     58*-^  12  AC+i2D=;>,4B»— 9AC  =  y,  AC— .i«D=/; 

2 

and  it  is  plain^hat^i' (  =  48* — 10  A  C-f- 16D)  =y — j  =:  — 

2  5 

X  If — j;    and  that  a"=:q  +  s  =  —  x  2  j)-|-4J.     Let  us  fup- 
pofe,  5 

1.  That  s  is  pofitive,  then  it  is  manifcft  that  if  either  p  or  qht 
negative,  a  muft  alfo  be  found  negative,  and  confequently  that  when 
the  7th  or  9th  Propofitions  Ihew  any  Roots  to  be  imaginary,  the 
nth  Propofition  muft  difcovcr  them  at  the  fame  time.    But  as  a' 

(=q  —  j  =  —  x2p — j)  may  be  found  negative  when  ^  and  q  are 

5 
both  pofitive,  it  follows  that  the  Rule  we  have  deduced  from  the 
nth  Propofition  may  difcover  imaginary  Roots  in  an  Equation, 
that  do  not  appear  by  the  preceding  Propofitions :  Thus  if  you 
examine  the  Equation  x  ^  —  6  x  ^  -h  lox*  —  y  x-h  i  by  Sir 
J/aac  Newton*s  Rule,  or  by  our  7th  PropofttioHy  no  imaginary  Roots 

I 
appear  in  it  from  either.   But  fince  2  B  *  —  5  A  C  +  8  D (=  —  a) 

2 
=r  200  —  210-4-8  =  —  2  is  in  this  -^Equation  negative,  it  is  mani- 
feft  that  two  l^oots  of  the  Equation  muft  be  imaginary.     Let  us 
fuppofe, 

2.  That  s  IS  negative,  and  that  from  the  Signs  of  the  Terms  of 
the  JEquation,  it  appears  that  fome  Roots  are  pofitive  and  fomc  ne- 
gative ;  then  in  order  to  fee  if  the  Equation  has  any  imaginary 
Roots,  the  moft  ufeful  Rule  is  that  we  deduced  from  the  fccond 
Theorem  of  Prop:  12th.  viz.  that  if  B  *  does  not  exceed  2  A  C  -h 
4  D  fome  of  the  Roots  of  the  Equation  muft  be  imaginary  :^  For 

I  I       [^ 

the  Excefs  of  B  *  above  2  A  C  +  4  D  being  —  a"  =,  —  x  j 

4     .        4 
I         


= X2^-f-4j,  and  s  being  negative,  it  is  manifeft,   that  if  q 

10 

I  I 

or  />  be  negative,  —  d'  muft  be  negative  5   and  that  —  <a"  may   be 

4  4 

negative  when  q  and  p  are  both  pofitive  ;  that  is.  This  Rule  muft 
always  difcover  fome  Roots  to  be  imaginary  when  the  7th  or  9th 
Prop,  difcover  any  impoffible  Roots  in  an  Equation  ;  and  will  very 
often  difcover  fuch  Roots  in  an  ^Equation  when  thefe  Propofitions 
difcover  none.  For  Example^  If  you  examine  the  \ffiquation  x  ♦  •+- 
5^3-+-6;c*— ;c— i2s=0j  you  will  difcovcr  no  imaginary  Roots 

in 
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in  it  by  the  7th  or  9th  Propofitions  5  and  though  A  C  — 16  D  (srj) 
be  negative,  it  does  not  follow,  that  the  -Equation  has  any  impoflible 
Roots,  becaufe  it  appears  from  the  Signs  of  the  Terms,  that  the 
.Equation  has  Roots  affefted  with  different  Signs.  But  finceB*  — 
2  AC — 4D  (=136-+-  10 — 48  = —  2)  is  negative,  it  appears 
from  our  Rule,  that  the  -^Equation  muft  have  feme  imaginary  Roots. 
I  might  fhcw  in  the  next  Place,  how  the  Rules  deduced  from 
the  nth  and  12th  Propofitions  may  be  extended  fo  as  to  difcover 
when  more  than  two  Roots  of  an  Equation  are  imaginary,  and  in 
general  to  determine  the  Number  of  imaginary  Roots  in  any  ^- 
quation  ;  but  as  it  would  require  a  long  Difcuflion,  and  fome  Lem- 
mata to  demonftrate  this  ftriftly,  I  fhall  only  obferve  that  the  nth 
and  1 2  th  ProfoftHons  will  be  found  to  be  ftill  the  moft  ufeful  of  all 
thofe  we  have  given  for  that  Purpofe.  To  give  one  Example  of  this  ; 
If  we  are  to  examine  the -^Equation  x^  —  /^ax^  +6a^  x  *  —  ^ab^ 

+        —  +  — 

;r-f-J  4  —  o  by  Sir  Ifaac  Newton's  Rule,   it  is  found  to  have  four 

4- 
impoffible  Roots  when  a  is  greater  than  b  5  for  though  the  Square  of 

3 
the  fecond  Term  multiplied  by  —  be  equal  to  the  Produft  of  the 

8 
firft  and  third  Terms,  yet  in  that  Cafe,  in  applying  Sir  Ifaac 
Newton's  Rule,  the  Sign  —  ought  to  be  placed  under  the  fecond 
Term,  and  the  fame  is  to  be  faid  of  the  Square  of  the  fourth  Term. 
The  Rule  deduced  from  the  7th  Propofition  fhews  four  Roots 
imaginary,  when  a  is  greater  than  by  and  alfo  when  b*  is  greattcr 
riian  15  tf  *  ;  but  a  Rule  founded  on  the  nth  Propofition,  fhews 
Ae  four  Roots  to  be  imaginary  always  when  a  exceeds  J,  or  when 
h  *  exceeds  9  ^  *  ;  from  which  the  Excellency  of  this  Rule  above 
thefc  two  is  manifeft.  I  have  faid  fo  much  of  Biquadratick  -liqua- 
tions, that  I  muft  leave  it  to  thofe  that  are  willing  to  take  the 
Trouble,    to  make  like   Remarks  on  the  higher  Sorts  of  ^qua- 

^ons.  T   r       J 

In  invcftigating  the  preceding  Propofitions,  when  I  found  my 
fcif  obliged  to  go  through  fo  intricate  Calculations,  I  often  at- 
tempted to  find  fome  more  eafy  Way  of  treating  this  Subjeft; 
The  foUowmg  was  of  confiderahle  Ufe  to  me,  and  may  perhaps 
be  entertaining  to  you.  By  it,  I  inveftigate  (ome  maxima  in  a  very 
eafy  Manner,  that  could  not  be  demonftrated  in  the  common  Way 
with  fo  litde  Trouble.  ,      ,.  . ,  ^ 

Lemma  V.]    Let  the  given  Line  A  B  be  divided  any   where  m 
P,  and  thcReftangle  of  the  Parts  A  P  and  P  B 
will  be  a  maximum  when  thcfe  Parts  are  equal.     A ^B 

This 
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This  is  manifeft  from  the  Elements  of  Euclid.  \ 

t 

Lemma  VI.]  If  the  Line  A  B  is  divided  into  any  Number  of  Parts  j 

AC,   CD,  D E,  E  B,  the  Produft  of  all  thofe  Parts  multiplied  in-  ' 

to  one  another  will  be  a  maximum  when   the  Parts  are  equal  a-  ^ 

mongft  themfelves.    For  let  the  Point  D  be  where  you  will,  it  is  ^ 

manifeft  that  if  D  B    be  biflefted   in  E,    the  Produdt  A  C  x  C  D 

X  D  £  X  E  B  will  be  greater  than      :: 

ACxCDxD^xtfB,  becaufe  by  a  C  D  L  e  B 
the  laft   Lemma  D  £  x  E  B  is 

greater  than  D^  x ^  B  ;  and  for  the  fame  reafon  A  D  and  C  E  muft 
be  biflefted  in  C  and  D  j  and  confequently  all  the  Parts  A  C, 
CD,  D  E,  E  B  muft  be  equal  amongft  themfelves,  that  their  Pro- 
duft  may  be  a  maximum. 

Lemma  VII.]  The  Sum  of  the  Produfts  that  can  be  made  by 
multiplying  any  two  Parts  of  A  B  by  one  another  is  a  maximum 
when  the  Parts  are  equal.  The  Sum  of  thefe  Produfts  is  A  C  x  - 
CB  +  CDxDB  H-DExEB:  Now  that  DEx  £  B  may  be  a 
maximum^  DB  muft  be  biffefted  in  E  by  the  5  th  Lemma,  and  for 
the  fame  reafon  A  D  and  C  £  muft  be  biffefted  in  C  and  D,  that 
is,  all  the  Parts,  AC,  CD,  D  E,  £  B  muft  be  equal,  that  the  Sum 
of  all  thefe  Produfts  may  be  a  maximum. 

Lemma  VIII.]  The  Sum  of  the  Produfts  of  any  three  Parts  of 
the  Line  A  B  is  a  maximum^  when  all  the  Parts  are  equal.     For  that 

SumisACxCDxDE+EBxACxCDH-ACxDE-hCDxDE; 

and  fuppofing  the  Point  £  given,  it  is  manifeft  that  A  £  muft  be 
equally  trifedted  in  C  and  D  that  ACxCDxDE  may  be  a 
maximum  by  Lemma  VL  and  that  ACxCD-t-ACxD  E-f-CD 
xDE  may  be  a  maximum  by  Lemma  VII.  From  which  it  is  mani- 
feft that  all  the  Parts  AC,  CD,  DE,  E  B  muft  be  equal,  that 
the  Sum  of  the  Produdb  of  any  three  of  them  may  be  a  maxi- 
mum. 

Lemma  IX,]  It  is  manifeft  that  this  way  of  reafoning  is  general, 
and  that  the  Sum  of  any  Quantities  being  given,  the  Sum  of  all 
the  Products  that  can  be  made  by  multiplying  any  given  Number 
of  them  by  one  another,  muft  be  a  maximum  when  thefe  Quantities 
are  equal.  But  the  Sum  of  the  Squares,  or  of  any  pure  Powers  of 
thefe  Qijantities,  is  a  minimum^  when  the  Quantities  are  equal. 

theorem.']    Suppofe  x" — Ax»— » -f- B  x*^-^  —  C x  *— 3 -I- 2) y^— 4 
—  Ey^j&c.   =0,  lo  be  an  ^Equation  that  has  not  all  its  Roots 
equal  to  one  another :  Let  r  exprefs  the  Dimen/tons  of  any  Coefficient 
n — I    n — 2    n — 3 

D,  andkt  l  =  nx x x &c  taking  as  many  Fa5lors  as 

234 
/ 

there  are  Units  in  r  \  then  Jball \  A*"  be  always  greater  than  D, 

n"  if 
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if  the  Roots  of  the  JRquation  are  real  ^antities  affeSted  with  the 
fame  Sign. 

This  may  be  demonftrated  from  the  preceding  Propofiti- 
ons :  But  to  demonftrate  it  from  the  laft  Lemmata,  let  us  afllime 
an  .Equation  that  has  all  its  Roots  equal  to  one  another,  and 
the  SunB  of  all  its  Roots  equal  to  A,  the  Sum  of    the  Roots  of 

the  propofed  ^Equation.     This  Equation  will   hex  —  -r-  Al  =0, 

n 
n —  I        A  *  n — I      n —  2 

X*  —  Ax«— ^-l-«x X x»-2_«x X X 

2  » *  23 

A3    —3 

X      &c.  =  o  •,  and  if  r  exprefs  the  Dimenfions  of  the  Coeffi- 

«3 
cicnt  of  any  Term  of  this  Equation  (or  the  Number  of  Terms  which 

A- 
precede  it)  it  ismanifeft  that  the  Term  itfelf  will  be  /  x x  «— '": 

n^ 
But  by    the    Suppofition  Dx»— »■  is  the  Correfponding  Term   in 
the  propofed  /Equation,  and  D  muft  be  the  Sum  of  all  the  Pro- 
duds  that  can  be  made  by  multiplying  as  many  Roots  of  that  IE- 

IK' 

quation  by  one  another,  as  there  are  Units  in  r  5  and muft 

If 
be  the  Sum  of  the  like  Products  of  the  Roots  of  the  other  JEqua- 
doD ;  which  muft  be  the  greater  Quantity  by  the  preceding  Lem- 
mau,  becaufe  its  Roots  are  equal  amongft  themfelves,  and  their 
Sum  is  equal  to  the  Sum  of  the  Roots  of  the  propofed  Equation  ; 
and  the  Sum  o(  fuch  Products  is  a  maximum  when  the  Roots  are 
equal  amongft  themfelves*     By  purfuing  this  Method,  it  may  be 

2B     It- 
demonftrated  that  — ^^------^   ^ '  ^"^  always  exceed  the  Coefficient 

nxn — 1\ 

prefixed  to  the  Term  x  "—'^  in   an  Equation  whofe  Roots  are  all 

red  Quantities  affefted  with  the  fame  Sign ;  providing  that  r  be  a 

.  ^ 

X  /muft 


2x3^ 
Number  greater  than  2  5  and  alfo  that 


nxn  —  I  x»- 


exceed  the  fame  Coefficient,  if  r  be  any  Number  greater  than  3. 

It   is  eafy  to  continue  thcfe  Theorems. 

Thes^  Method^Yiich  I  mentioned  in  the  Beginning  of  this  Letter, 
is  deduced  from  the  Confideration  of  theLiV/tZ/jof  the  Roots  of  Equati- 
ons; and  though  it  is  explained  by  fomc  Authors  already,  yet  as  I  de- 
monftrate 
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.monftrate  and  apply  ic  to  this  Subjedt  in  a  different  Manner,  I  fliall 
add  a  fhort  Account  of  it. 

Lemma  X.]  If  you  transform  the  Biquadratick  x  ♦  —  A  x  ^  -f- 
By*  —  C;tf-f-D=:o  into  one  that  fliall  have  each  of  its  Roots  lefs 
than  the  refpc(5\ive  Values  of  ^  by  a  given  Difference  e  \  Suppofe 
y  =  ;tf  —  ^,  or  x  =  r  -I-  y,  the  transformed  ^Equation,  the  Order  of 
the  Terms  being  inverted,  will  have  this  Form : 

—  Atf5— gA^^y  — 3A^y*— Ay5 
+Btf  »-l-2B^  y  +    B    y  * 
_Ctf    —      C  y 
+  D 

Where  it   is  manifeft, 

1.  That  the  firft  Term  ^^  —  Atf^-f-B^*— C^+D  is  the 
Quantity  that  arifes  by  fubftituting  e  in  Place  of  x  in  the  propofcd 
Equation  x*  —  Ax'+Bx*  —  CxH-D. 

2.  That  the  Coefficient  of  the  fecond  Term  4^^  —  gA^^H- 
2B<? — C  is  the  Quantity  that  arifes  by  multiplying  each  Part  of 
the  firft  ^  4  _  A  ^  5  -h  B  ^  »  —  C  ^-+-  D  by  the  Index  of  e  in  that 
Part,  and  dividing  the  Produdt  by  e. 

3.  That  the  Coefficient  of  the  third  Term  6  e  *  —  jA^f-f-B 
is  the  Quantity  that  arifes  from  the  preceding  Coefficicnt4^^  — 
3Atf*-l-2B^  —  C  by  multiplying  each  Part  by  the  Index  of  ^  in 
it,  and  dividing  the  Produft  by  2  e, 

4.  That  the  Coefficient  of  the  fourth  Term  arifes  in  like  Manner 
from  the  preceding,  only  you  now  divide  by  3  ^ ;  and  in  general, 
the  Coefficient  of  any  Term  may  be  deduced  from  the  Coefficient 
of  that  Term  which  precedes  it,  by  multiplying  each  Part  of  the 
preceding  Coefficient  by  the  Index  of  e  in  that  Part,  and  dividing 
the  Produft  by  e  and  by  the  Index  of  y,  in  the  Term  whofe  Co. 
efficient  is  required. 

Lemma  XI.]  If  any  -^Equation  y  «  —  A  a?  "-^^  •+•  B  x  *— *  —  C  ^^  »— 3 
&c,  =  o  be  transformed  in  the  fame  Manner,  by  fuppofing  jr  =  ;tf 
— t^oxx  =tf-hy,  and  confequently  Ar«=:^ -h  j|"^  Ax»^i  =  Ax 
7^')«-S  B  X  «-*  =  B  xtf-Hyl''-*  &c     The  transformed  JEqua- 

tion  will  .have  this  Form,   the  Order  of  the  Terms  being  invert* 
ed, 

n — r 

^«  +»^"— 'y  -f-»x xe'^^  y  *  &c.  =  0 

2 
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2 
&c.  &c.  &c. 

Where  it  is  manifeft, 

1.  That  the  firft  Term  ^  »— A  ^  «-' -t- B  ^ »-^» — Ctf«-*3&c.  is 
the  Quantity  that  arifes  by  fubftituting  e  in  the  Place  of  ;^  in  the 
propofed  Equation  x"  —  Aa?"— »-l-Bx «— ^  —  C  x »— 3  &c. 

2.  That  the  Coefficient  of  the  fecondTerm  n  e  ''-'^^ —  ri —  i  x  A  ^  ^— ^ 

+  »  —  2xB^*-3  —  n  —  3xC  ^""-4  &c.  Is  deduced  from  the  pre- 
ceding e  » —  A  (? »— »  -f-  B  ^  »— »  —  Ce  '^•^s  &c.  by  multiplying  each 
of  its  Parts  by  the  Index  of  e  in  that  Part,  and  dividing  by  e. 

3.  That  the  Coefficient  of  the  third  Term  is  deduced  from  the 
Coefficient  of  the  fecond  Term,  by  multiplying  after  the  fame 
Manner,  each  of  its  Parts  by  the  Index  of  e  and  dividing  by  2  e. 
In  general,  the  Coefficient  of  any  Term,  yis  deduced  from  the 
Coefficient  of  the  preceding  Term,  that  isof  y^^by  multiplying 
every  Part  of  that  Coefficient  by  the  Index  of  e  in  it,  and  dividing 
the  Produft  by  re. 

Lemma  XII.]  If  you  fubftitute  any  two  Quantities  K  and  L  in 
the  Place  of  ^  in  ;v  +  —  A  x  '  -f-  B  ;^  *  —  Cx  •+•  D,  and  the  Quan- 
tities that  refult  from  thefe  Subftitutions  be  afFcded  with  contrary 
S^,  the  Quantities  K  and  L  muft  be  Umits  of  one  or  more  real 
Roots  of  the  -^Equation  x^  —  A^^-h  Bx*  —  C;^  -f-D=:0. 
That  is,  one  of  thefe  Quantities  muft  be  greater,  and  the  other 
Ids  than  one  or  more  Roots  of  that  ^Slquatfon. 

For  if  you  fuppofe  that  ^,  ^,  ^ ,  d^  are  the  Roots  of  that  -SEqua- 
tion,  then  it  is  plain  from    the  Genefts  of  -liquations,    that  x  *  — 

A  x^ j+'l&x  *  —  C;»^  +  D=:  X  —  ax  X —  b  xx  —  c  x  x  —  d  -y    and 
therefore  K  and  L  being  fubftituted  for  xmx —  axx  —  bxx  —  c 


XX  —  dy  the  Produdt  becomes  in  the  one  Cafe  pofitive,  and'  m 
the  other  negative;  fo  that  one  of  the  Fa<Sors  x—^a,  x — *by 
x-^Cy  X  —  d  muft  have  a  Sign  when  K  is  fubftituted  for  x  in  it, 
contrary  to  the  Sign  which  it  is  affcfted  with  when  L  is  fubfti- 
tuted in  it  for  x;  fuppofe  i;hat  Fader  to.be  x — by  and'fince 
X — b  and  L  —  b  are  Quanticics  whereof  the  one  is  pofitive. 
Vol.  VI.  G  and 
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and  the  other  negative^  it  is  manifeft  that  b  one  of  the  Roots  of 
the  ^Equation  muft  be  lc6  than  one,  and  greater  than  the  other  of  the 
two  Quantities  K  and  L :  So  that  K  and  L  muft  be  the  Limits  of 
the  Root  h. 

I  fay  further,  that  the  Root  whereof  K  and  L  are  Limits^  muft 
be  a  real  Root  of  the  Equation ;  for  the  Produdl  of  the  Faftors 
that  involve  iropoflible  Roots  in  an  ^Equation,  can  never  have  its 
Signs  changed  by  fubftituting  any  real  Quantity  whatfoever  in  place 
ofx  i  becaufe  the  Number  of  fuch  Roots  is  always  an  even  Num- 
ber^ and  the  Produft  of  any  two  of  ihefe  Roots  fuch  as  ;i  —  m 

—  1/  — »,  and  X — m  •+•  \/  — n  is  x  —  wl*  H^  ;/  *  which  mtift  be 
always  pofitive,  whatever  Quantity   be  fubftiruted  for  x^   while  n 
remains  pofitive,  that  is,  while  thefe  two  Roots  are  impoffible. 
Lemma  XIIL]  If  you  fubftitute  K  and  L  for  ^  in  x""  —  Ax  »— » 

-f-Bx'^^&c.  and  the  Quantities  that  refult  be  affected  with  con- 
trary Signs,    then  (hall  K  and  L  be  the  Limits  of  one    or  more 

real  Roots  of  the  ^Equation  x  «  —  A  x«-'  -f-  B  x  '^^  &c.  =1  o.  This 
may   be  demonftrated  after  the  fame  Manner  as  the  laft  Lemma. 

ThboremL]  If  ay  by  Cy  d  are  the  Roots  of  the  jEquationx^ — . 
Ax^-hBx*  —  Cx-f-  D=  o,  they  Jhall  be  the  Limits  of  the  Roots 
vf  the  Equation  ^.x^  —  $  A  x  *  -i-  2B  x  — C  =  o. 

Suppofe  a  to  be  the  leaft  Root  of  the  Biquadratick  x  ♦  —  Ax^ 
-4-B  X  *  —  Cx  -f-  D  =  o,  b  the  fecond  Root,  c  the  third,  and  d 
the  fourth,  and  the  Values  of  y  in  the  -fliquation  in  the  loth 
Lemma  J  will  be  a — e,  b  —  ^,  c  —  ^,  d  —  ^ -,  then  by  fubftituting 
fucceffively  a,  by  e^  d  for  e  in  that  Equation  of  y,  one  of  the 
Values  of  y  will  vanifh  in  every  Subftituiion,  and  the  firft  Term 
of  the  ^Equation  of  y,  viz.  e^  —  Ae^  -hBe*  — C  ^  -+-  D  vanifli- 
ing,  the  Equation  will  be  reduced  to  a  Cubick  of  this  Form. 

— 3  Ae^  —  gA^y  —  Ay* 
-4-2  Bf   4-  By 

—  c 

And  confequently.  4^'  —  ^  Ae  * -h  I'B  e  —  C  muft  be  the 
Produft  of  the  three  remaining  Values  of  y  having  its  Sign  chang- 
ed -,  that  is,  it  muft  be  equal  to  — b  —  axe  —  a  xd — a  when  e 
is  fuppofed  equal  to  ^ ;  ic  muft  be  — a  —  b  x  c  —  b  x  d — b  when 

ezsibi  it  muft  be  — -^9— ^  x^— ^x  ^  —  c  whcn^=^;  and  it  muft 

be 
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be  —  a  —  dxb-^dxc  — d  when  c  =  d.     Now  it  is  manifeft  that 

thde  Produftsi* — axe  —  axd  —  aj  a^-^bxc  —  bxd  —  h^a — c 

X*  —  cxd  —  f,  a  —  dxb  —  dxc  —  d  muft  be  affcfted  with  die 
Signs -f-,  — ,  4-,  —  fefpeftively ;  the  firft  being  the  Produft  of 
three  poQdve  Quantities,  the  fecond  the  Produft  of  one  negative 
and  two  pofitives,  the  third  the  Produft  of  two  negatives  and  one 
poficive,  and  the  fourth  the  Produdk  of  three  negatives.  Therefore 
fince  by  fubftituting  a^  b,  r,  J  for  ^  in  the  Quantity  4^^  — 3  A^* 
-f-  2  B  ^  —  C,  it  becomes  alternately  a  pofitive  and  a  negative 
Quantity,  it  follows  from  the  laft  Lemma,  that  ^,  b^  Cj  d  muft  be 
the  Limits  of  the  Roots  of  the  Equation  4^^ —  3A^*-f-2  B^ — 
C  =  o,  or  of  the  -Equation  4.x  ^  —  3  Ax*  -f-2  Bx — C=  o. 

CorolL]  It  follows  from  this  Theorem,  that  if  ^i',  b\  and  c  are  the 
three  Roots  of  the  -Equation  4;^'  —  3Ax*H-2B;^  —  C  =  o,  they 
muft  be  Limits  betwixt  a^  by  r,  d  the  Roots  of  the  Biquadratick 
;r*— Aat'  +Bx*  —  Cx-f-D  =  o:  For  if  ij,  3,  c,  d^itt  Limits 
of  the  Roots  a\  b\  and  c  \  thefe  Roots  converfely  muft  be  Limits 
betwixt  tf ,  by  c  and  d. 

Theoiiem  IL]  Multiply  the  Terms  of  any  Biquadratick  x  ^  — 
A  X  '+  Bx*  —  Cx  A-  H  z=iO  by  any  Arithmetical  Series  of 
Sluantities  /-4-4W, /■+'3f»,  /4-2m,  /-+-»i,  /,  and  the  Roots  of 
ibe  Biquadratick  a,  by  r,  d  will  be  the  Limits  of  the  Roots  of  the 
Mquation  that  refults  from  that  Multiplication  ;  that  iSy  of  the  jE- 
quation 

Ijf^^    I  Ax^+   IBx*  ^  I  Cx-hlDzto 
-4-4OTX  * — ^mAx  ^  +  2  m^x^  —  mCx* 

Suppofe  that  fubftituting  the  Roots  ay  by  Cy  d  of  the  biquadra- 
tick Equation  j?*  — A;r^-+-B^*— C;f  +  D=o  fucceffively, 
fbr;^in4x^  —  3Ax*4-2Bx  —  C,  the  Quantities  that  refult 
are  —  R,  H-S,  —  T,  -f- 2;^  while  x^  —Ax^-\-  V^x^  —Qx 
4-  D  is  in  every  Subftitution  equal  to  nothing ;  and  it  is  manifeft 
that  the  Quantity 

4.   /^4_/Ax^-h   /B;v»— /Cx-f-/D 
-¥  At  mx  * — %mAx^  -h2OTBx*  — wCx 

will  become  (when  Oy  by  Cy  d  are  fubftituted  fucceffively  in  it  for  x) 
equal  to  —  mKxy  -hmSxy  —  jwTx, -+- iw  Z  *  5  where  the  Signs 
o?  thefe  Quantities  being  alternately  negative  and  pofitive,  it  fol- 
lows that  a^  by  Cy  d  muft  be  Limits  of  that  ^Equation  by  Lem- 
ma XIL  ^     ,,_ 

G  2  CorolL] 
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—  n  —  I  xAx  «— *  —  n  —  2  X B  ;f  "—3  &c.  =  o,  or  the  Equation 
A  x'r::' —  2  B  ;<:«—*  -4-  3  C  ;tf«— 3&c,  =  o. 


Suppofe  that  any    Root   of   the   -ffilquation  »x«— '  — ;? — ix 


p^^ffz^n —  2xBx"-:3  &c.  =o,  as  p  becomes  imaginary,  and 
the  two  Roots  of  the  Equation  a: «  —  A  ;tf «-»  +  B  ;f»— »  &:c.  =  o, 
which  by  Theor.  III.  ought  to  *be  its  Limits^  cannot  both  be  real 
Quantities  •,  for  it  is  manifeft  from  the  Demonftration  of  Tbeor.  I. 
that  if   they  are  real  Quantities,    then  being   fubftituted  for  x   in 


Coroll.l  Hence  it  follows,  that  a^  ^,   c  and  d'  arc  Limifs  of  the  ?>! 

Roots  of  the  cubick  ^Equation  Ax^  —  2^  x*  +  ^C  x  —  4  D=o,  '.^^ 

and  converfely,  that  the  Roots  of  this  Cubick  are  Limits  of  the  Roots  j.] 

of  the  biquadratick  -liquation  x*  —  A;v3-f-Bx*  —  Cx  +  Di=o;  <>i 

for  multiplying  the  Terms  of  this   biquadratick  -Equation   by  the  '^J 

Arithmetical  Progreffion  o,  — i,  — 2,  — 3,  — 4,    the  Cubick  ,-,;i 

Kx^  —  2B;f*4-3C;^  —  AD  =  o  arifes.  "^^ 

Theorem  III.]  In  general^  the  Roots  of  the  Equation  x " — Ax  «—'•+-  f^  ] 
Jix'^r-^  —  Cx  «""3  &c.  =  o,  are  the  Limits  of  the  Roots  of  the  JEqua- 

tion  nx^'—^—n  —  i  x  A  ^  ''•^^  -+-  ;^  —  2  x  B  ;v  ^^-"3  &c.  =0,   or  of 

an'j  Equation  that  is  deduced  from  it  by  multiplying  its  Terms  hy  an^ 
Arithmetical  Progrejfion  /=p  J,  /  qp  2  4  l=p3d  &cc.  and  converfely 
the  Roots  of  this  new  ^Equation  will  be  the  Limits  of  the  Roots  of 
the  propofed  ^Equation  x"  —  A  x  '^— » -+-  B  x  *»— *  &c.  =  o. 

This  Theorem  is  demonftrated  from  the  ii/i?and  iitb  Lemmata 
in  the  fame  manner  as  the  preceding  Theorems  were  demonftrated 
from  the  \oth  and  nth.  From  thefe  Theorems  it  is  eafy  to  infer 
all  that  is  delivered  by  the  Writers  of  Algebra  on   this  Subjeft. 

Theorem  IV.]  The  ^Equation  x  "^  —  A  A:"-^-f-  B;f  «-*  —  Cx"-3 
tcc*:=LO  will  have  as  many  imaginary  Roots  as  the  ^Equation  nx""^^ 


^\ 


-0 


n  X  """'  — n —  I  X  A  X  »--*  -f-  «  —  2  x  B  a:  «— 3  &c.  the  Quantities 

that  refult  muft  have  contrary  Signs,    and  confequendy  the  Root  .2 

p^  whereof  they  are   Limit Sj    muft»  be  a  real  Root  ;    which   is  a- 

gainft  the  Suppofition.     The  fame  is  true  of  the  iEquation  Aat^^:'  * 

—  2  B  ^''•^^  -V  3  Ca:  "—3  &c.  =0,  for  the  fame  Reafon. 

CorolL  I.]  The  Biquadratick  .v*  —  A;^'  H-Ba:*  —  Cat+D 
=  0,  will  have  two  imaginary  Roots,  if  two  Roots  of  the   -ffiqua-  ^X 

tion  4,x^  —  3AAr*  +  2BAr  —  C=o  be  imaginary ;  or  if  two 
Roots  of  the  .^nation  Aa:^— 2Ba:*-+-3Ca:  —  4D=z  o  be 
imaginary.     But  two  Roots  of  the  Equation  \x  ^  —  3AA:*'-f-2B;tf 

—  C  =  o  muft  be  imaginary,   when  two  Roots  of  the  Quadratick  ^ 
€x^  —  3  A  AT  -t-  B  =  o,    or  of  the  Quadratick  3  Aa;*  —  4  Hx 

•4-3  C  =  o  are  imaginary,    bccaufc  the  Roots  of  thefe  quadratick  ;ri 

^qua- 
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JBqtiations  are  the  Limits  .o\  the  Roots  of  that  Cubicle^  by  the 
third  Theorem ;  and  for  the  fame  reafon  two  Roots  of  the  cubick 
Equation  A  x  ^  —  2B;c*-f'3C^  —  4D  =  o  muft  be  imaginary, 
when  the  Roots  of  the  Quadracick  sAat*  —  4Ba:+3C=o,  or 
of  the  Quadratick  Bat*  —  3Ca:'4-6D  =  o  are  impoffible.  There- 
fore two  Roo€»-of  the  Biqwadratick  x^  —  A  *^^  -f-  B  .v*  —  C  j?  -h 
D=  o  muft  be  imaginary  when  the  Roots  of  any  one  of  thefe  three 
quadratick  Equations  6x^  —  3  Aa:4-B=o,  ^A^*  —  4B;v-|- 
3  C  =  o,    ^x^  —  3  Qx  +  60=0  become  imaginary  •,    that  is, 

3  4^3 

^hen  -^  A  »  is  Icfs  than  B,  —  B  »  Icfs  than  A  C,  or  —  C  *  lefs  than 

8  98 

BD. 

Coroll.  2.]  By  proceeding  in  the  fame  manner,  you  may  deduce 
from  any  Equation  jf"  —  Aat"""' H-B  at"— * —  C;c«— 3&c.  =0, 
as  many  quadratick  -Equations  as  there  are  Terms  excepting  the 
firft  and  laft  whofe  Roots  muft  be  all  real  Quantities,  if  the  pro- 
pofed  Equation  has  no  imaginary  Roots.  The  Quadratick  de- 
duced from  the   three  firft  Terms  x "  —  A  ;c  '^— ^  -h  B  ^  "^»  will 


mam 


ifeftly  have  this  Form,    n\  n  —  i  xn  —  2  xn  —  3 &c. x x*- 


n  —  ix»  —  2  X  n  —  3   X  n  —  4 &c.  xA^-f-»  —  2x»  —  3  x 

i»  —  4  X  »  —  5  &c.  X  B  =  o,  continuing  the  Faftors  in  each  till 
you  have  as  many  as  there  are  Units  in  n  —  2.  Then  dividing 
the -Equation  by  all  the  Fa6tors» — i,  n  —  3  &c.  which  are  found 

in  each  Coefficient,  the  -Equation  will  become  n  xn  —  i  x  x*  — 


n —  ix2Ax  +  2x  ixB  =  o,  whofe  Roots  will  be  imaginary 


by  Prop.  L  when  n  xn  —  1x2x48  exceeds  «  —  i|*  x  4  A  »,  or 

n  —  I 

when  B  exceeds A*,  fo  that  the  propofed  JEquation  muft 

2n 

T 

n —  I 

have  fome  imaginary  Roots  when  B  exceeds A » ;   as  we 

2  n 

demonftrated  after  another  Manner  in  the  5th  Propofuion.     The 

qua- 
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qtiadrttick  ^qaatba  deduced  in  the  (knse  Manner  from  die  three  ^-^^ 

firft  Tcrmsof  the  -Equation  Ax*-'  —  2  B x «-» -f-  3  Cx*-^&c. 

=  o,   will  have  this  Form  n  —  ix»  —  2x»-^3  &c.  x  A  a?  *  — 

n  —  %  %n  —  3x«  —  4  &c.  xzH  x  *\r  n-^  ^xn  —  4x11  —  5&Cf  * 

X  3  C  :^o;  which  by  dividing  by  the  Factors  common  to  all  the  f/tt 

__  V£^ 

'i 


Terms,    is  reduced  to  n  —  ix«  —  zxAa?*  —  n  —  2X  4B*-f- 


^      n  —  2  v^ 

6  C  =  o,  whofc  Roots  muft  be  imaginary  when  —  x —  x  B  *  .^i 

3      «— I  <ii 

is  le(s  than  A  C ;   and  therefore  in  that  Cafe  fome  Roots  of  the  ^ 

propofed  Equation  muft  be  imaginary.  ^ 

CorolLs]  In  general,  kt  D;c  "-^  ^^'  —  E  x*-^4- Fx  *-''-"  be  i^^:^ 

any  three  Terms  of  the  ^Equation,  x"  —  A*»— '-f-B;?"— »  &c,  =  o,  iH 

thijt  immediately  follow  one  another ;  multiply  the  Terms  of  rfiis  r 

Equation  firft  by  the  Progrcffion  »,  »  —  i,   n — 2,  &c.   then  by  h 

the  Progreflion  n  —  i,  «  —  2,  «  ^  3»  &c.  then  by  »  —  2,  »  —  3,  ^i 

;;  —  4,  &c    till  you  have  multiplied  by  as  many  Progrcffions  as  t 

there  are  Units  in  «  —  r  —  i :    Then  multiply  the  Terms  of  the  ; 

JEquation  that  arifes,  as  often  by  the  Progreflion  o,   i,  2,  3  &c.  as  Z 
there  ai:e  Units  in  r —  i,  and  you  will  at  length  arrive  at  a  Qua- 
dratiek  of  this  Form, 


n — r-f-i  X  n  —  rxn  —  r  —  i  xn  — r — 2  &c  xr —  ixr —  2 

xr  — 3  xr— ^4&c.xD**. 

—  «— r  X  » — r —  I  X  «  — r  —  2  x  «  —  r  —  3  &c.  x  r  x  r —  i 

X  r^:!r2  x  r  —  3  &c.  X  E  Af.  -: 

^f^^^r-^^  xn-^r  —  2  x« — r —  3  x»^r  — 4  &c.  xr-h  1 

X  r  x  r—  I  xr— 2  &c.  xFz=o. 

And  dividing  by  the  Fadtors  »  —  r — i,  »  —  r — 2,  &c.  andr — r,  ^ 

r 2  &c.  which  arc  found  in  each  Coefficient,  this  -Equation  will  ^ 

be  reduced  to  n  — r  -hT  xn  —  r  x  2xixDx*  —  n  —  rx  2  x  r  ^ 

x2EAr-t-2xi  xr-h  i  xr  F  =  o^  whofc  Roots  muft  be  imaginary 

n  —  r  r  ^ 

(by  Prop.  I.)  when  — x x  E  *  is  lefs  than  D  F.  From 

n  — r+ 1      r  +  I  which 
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wfaidt  it  is  naanifeft  that  if  you  divide  each  Term  6f   this^  Series  of 

n      ir— '  I     »  — 2     n — 3  n  —  r-+-i   n  —  r 

Fra&ions  > -,  , ,  &c.  ^ . 

1234  r  rH-  I 

by  that  which  precedes  it,    and  place  the    Quotients    above    the 

Terra* ofthe^quatioft AT" —  A  at ^-^ -+■  B jt '^^^  —  Cat"— 3  &c.=:o, 
bcgiisiKig  with  the  fccond  :  Then  if  the  Square  of  any  Term  multi- 
plied by  the  FraAion  over  it  be  found  lefs  than  the  Produft  of  the 
adjacenc  Ternfi&,  fome  of  the  Roots  of  that  Equation  mud  be  ima- 
ginary Quantities. 

There  renftain  mairy  things  that  might  be  added  on  this  Subject, 
but  I  am  afraid  you  will  think  I  have  faid  as  much  of  ic  as  it  de- 
fcnrcs  -,  and  therefore  I  (hall  only  add  the  Dsnionftration  of  feme 
Algebraick  Rules  and  Theorems  that  are  very  eafily  deduced  from 
the  nth  Lemma. 

I.  The  Rule  for  difcovering  when  two  or  more  Roots  of  an  M-    A  Demon- 
quation  are  equal,  immediately  follows  from  xh?LX.  Lemma.  Siippofe)?''^^^'*"  °^ 
that  two  Roots  of  the  Equation  x »  —  A  at  '^-^-f-  B  ;^  »»-*  —  C  .v  '-^^J^i;^^^^ 
&c.  =  o  are  equal,  and  two  Values  of  y   (which  is  equal  always  lOrems. 
M — i)  will  be  equal.    Suppofe  that^  is  equal  to  one  of  thofe  two 
equal  Values  of  x ;    and  two  Values  of  y    will  vanifli,    and  confc- 
quendy  y  *  muft  enter  each  of  the  Terms  of  the  Equation  of  y  -, 
and  therefore  in  this  Cafe  th&  firft  and  fecond  Term  of  the  IE- 
quation  of  y  in  Lemma  nth   muft  vanifh,    that  isj    ^»  —  A^**— » 


-f^.-**.^Cr»--3acc,=iO>and»f  «^'  — n —  i  x  A^'^-^^  4-n— *2 

xBr"^3 — n  —  3  X  C^*-+&c  =:  o  at  the  fame  time ;  and 
confcquently  thcfe  two  -Equations  muft  have  one  Root  common, 
which  muft  be  one  of  thofe  Values  of  x  that  were  fuppofed  equal 
to  each  other.    It  is  manifeft  therefore   that   when  two  Values  of 

X  arc  equal  in  the  -Equation  x''  —  A  at— '  -4- B  jc *-»  &c,  x=  0,  one 
of  them  muft  be  a  Root  of  the  ^Equation  »*?*-»  —  »—  i  x  A  x*^-^ 

+  » 2xBx*— 3&C.  =0. 

If  three  Values  of  x  be  fuppofed  eqtial  amon^ft  rhemfelves  and 
to  ^  then  three  Values  of  ^  (=  x  —  e)  will  vanifti,  and  the  firft 
three  Terms  of  the  Equation  of  y  in  Limma  XL  will  vanilh,  and 


therefore  n  x  n  —  ixe"^* —  n—i  x»  —  2xA^«^3-t-»  — 2x 

n 3  xB^*-^  &c,  =0  ;  and  one  of  the  equal  Values  of  x  will 

be 
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be  a  Root  of  this  lafl:  Equation,  and  two  of  them  will  be  Roots 

!j 

of  the  -^Equation  n  x'^^  — n —  i  xA;^*— »  +  «^ — 2  xBx«— 3&c. 

=  o.     In  general,   it  appears  that  if  the  -Equation  x'  —  A  x  •—«  ; 

4-  B  ;^ «— *  &c.  =0  have  as  many  Roots  equal  amongft  themfclvcs  t 

as  there  arc  Units  in  S,  then  (hall  as  many  of  thofe  be  Roots  of  - 

the  Equation  nx'^^  —  n  —  i  x  A  x"*^^  ^  n  —  2x  Bat*-?  &c. 
=  o  as  there  are  Uhits  in  S  —  i ;  as  many  of  them  (hall  be  Roots 

of  the  ^Equation  n  x  n  —  ixx"^*  —  n —  ixn  —  2xAAr»-3H-  ^^ 

n  —  2x»  —  3  xBx«— 4  &c.  =  o,  as  there  arc  Units  in  S  —  2  ;  and         '^ 
fo  on. 

IF.  The  general  Rule  which  Sir  Tfaac  Newton  has  given  in  the 
Article  de  Limitibus  yE^uationum  for  finding  a  Limit  greater  than  any  ^ 

of  the  Values  of  x  immediately  follows  from  the  nth  Lemmas  for 
it  is  manifefl  that  if  e  be  fuch  a  Quantity  as  fubftituted  in  all 
the  Coefficients  of  the  -Equation  of  y ,  viz..  in^"  —  Ae'^-^-h^e  *'— * 

n — I 

&c.    ne""-^  —  n  —  ixA^»— *+«  —  2xBtf"^3  &c.  n  x x 

n—2  »— 3 


the  Quantities  that  refult  all  pofitive  ;  then  there  being  no  Changes  oF 
the  Signs  of  the  -^Equation  of  y  in  this  cafe,  all  its  Values  muft  be 
negative  ;  and  (ince  y  is  always  equal  to  x  —  ey  it  follows  chat  e 
muft  be  a  greater  Quantity  than  any  of  the  Values  of  x ;  that  is,  it 
muft  be  a  Limit  greater  than  any  of   the  Roots  of  the  Equation 

III.  From  this  iitb  Lemma  iomt  important  Theorems  \n  the  Me- 
thod of  Seriesy  and  of  Fluxions^  and  the  Refolution  of  -Equations 
are  demonftrated  with  great  Facility ;  it  is  obvious  that  the  Coef- 
ficient of  the  fecond  Term  of  the  -^Equation  of  y  in  that  Lemma 
is  the  Fluxion  of  the  firft  Term  divided  by  the  Fluxion  of  e  \  the 
Coefficient  of  the  third   Term  is  the  fecond  Fluxion  of  that  firft 

Term  divided  by  2  e'*  ;  fuppofing  e  to  flow  uniformly.     The  third 

Term  is  the  third  Fluxion  of  the  firft  Term  divided  by  2  x  3  ^  3  • 
.and  fo  on.    Therefore  fuppofing  i? «  —  A  (f^-^  +  B  ^  «-*  &c,  =r, 

the 


and  ^theorems  demonfiratei.  'd 


9« 

c 


the  JEquation  for  determining  y  will   be  r  +  —  y  H — ^ y  *• 


•f* 7'  &c.  =0;  and  hence>    when  t  is  near  the  true 

1x2  X3V* 

Value  of  x^  Theorems  may    be  deduced  for  approximating  to  y, 

aad  confequently  Vf>  x\  which  is  fuppoled  equal  to  y  +  ^. 
IV.  Let  A  P  (=  x)  be  the  Abfcifs,  and  P  M  (=2;  the  Ordinate    Tii.  i, 

of  any  Curve  B  L  M }    and  fappofe   any  other  Abfcifs  A  K  =  ^, 

• 
c 

and  Ordinate  K  L  =r,   then  fliall  «(s:PM)  =r=F  —  y4- 


tf 


••  ••  f« 

c                     c                         c 
~-y  »  =p y5  H y4  &c. 

2^*  2)^3^'  2x3x4^* 

For  let  X  be  fuppoled  equal  to  any  Series  confiding  of  given 
Quantities,  and  the  Powers  of  ;c,  as  to  A  at  •  -f-  BAr*-  Hh  C  at*  &c. 
and  fubftituting  ^=f=yforAr^  we  fliall  find  after  the  manner  of  the 

»— I 

;z  =A^«=p»  A  tf«5«y -f-^x— ^x  A^*--*y  *  &C-, 

2 

r — I 

2 
J 1 

•   «  ■  ■ 
But   when  xz=.e  then   2  =  f=  A^»  H-Bf'  +  C^'  &c.  t  = 

»A*— 4H-rB*'-'f-f-jCe»-»*&c  f  =«x»  — I  xAtf«-» 

/^  -f-r  xrtZl  xBtf  f^  J*  4-^xj--i  xC^'-»tf»&c,anddiere- 
VoL.  VI.  '  JH  '  ^or« 


^  ^ther\Sgebraic  RukSi^sx, 


C  C 


ittt  «=^=F  — y-f- -y'^F y^^^-    Aftcfthe  fame 


e  2tf*  2x3^^ 


manner  you  will  find  that  r  =  2;=i=  —  yH -y  »dc- — — y«' 

i  2i*  2X3X  ' 

&c.  for  ^=:A^«  +  Btf'  +  C^'&c.  =  Ax^=b)r+BxA^±y^ 

4-Cx^r±^'&c.  =  zd=  — yH ->»&c.  The  Area  KLMP 

«  2  X* 

is  equal  to  the  Fluent  of  z  ;y  or  of  c  yi  but  "• 


f3i=2y=fc— yyH y*y± y'y 


'  7&C. 


2«*  2x3** 


andzy  =  fy=F  — yyH--7-y'y=F —y^jScc. 

e  2tf*  2x3^* 

Andxonfequently  by  Ending  the  Fluents 


c 


KLMPscrysp y  > -f.— ^—3,  *  =p— — >*&c. 


2f  2x3  tf  »  2x3x4^  * 


z               a                 -    z 
orKLMP  =  2y=t:— y»H y'± -y*&c. 

2X  2X3*»  2x3x4^' 

Thh  laft  is  the  Tbeorm  publilhcd  by  the  learned  Mr.  BermuUli 
in  the  ASfa  Lipfia  169^ 


V.  Prep.  1.3 


0 


;i' 


TUteRedu&ion  of  Algehrak  FraBwii  ^i 

I 

V.  Prop.  I.]  Si  Jit  Fra^ioqualibet — -^ ,  cujus  OfAigehrak 

I  — €^  +fx  X  — j;  X  3  &C.  Fraaions  and 

^  recurring  Se- 


Cafus  I.]    Sit  Fraftio  propofita  ■  ;  fingfe  Dcnonii- 

i—ex+fxx 

I       I 

natorem  i  —  ex'^fxx  =  Oy  fintquc  — ,    — , Radices iftitis iEqua- 

m     p 

tionis,  fivefafto  XX  —  ex+f=Oy  fint  «,  jp.  Radices  JEquatibnis 

m  p 

tmxy  fkc  A  = >  atqne  B  r= ,  &  crit  Fraftio  propo 

m — p  .p — m 

A  B 

fita  «qaalis  Summg  +■  ■  i 

1 — mx    •     I  — px 

I 

CbJus  2.]    Sit  Fraftio  propofita  — -^ i  fingatur 

I  — ex  +fxx — gx^ 

xT-i-.  tiiK  +fx  «—  g  =  V,  'fintquc  Ht^p^  j,  Radices  alius  ^quationisji 

mm  pp  qq 

~      W  — pXfll— 5  p—m  y^p-^q  q^^^xq^p 

A  B 

&  crit  Fraftio  propofita  aqualis  Sumraae ^ 4* 

I'l-^mx        i—.px 

C 


•* 


I — qx 

I 


Cafus  3*]     Sit  Fraftio    propofita 


mhtt^mi^mH  iilin    I     I 


i**kfpc"+/xx— gx*-l-*x* 


fingatur  x**--  e^^+f-xx  — 5^+i  =  e^,  fintquc w,  ^  ^  s^ 
~  Ha  Radices 


^  7l!>e  ReduSiion  of  Algebraical  FraSlions 


Radices  iftius  JEquationis ;   pone  A  =^ 


m 


tn — p  X    m  —  2  X  m — s 

^V ij^ _ 

p — mxp  —  y  X  p — s  q  —  m  x  j  — />  x  j  —  j 

-        — ■         —  4  eritque  Fradbio  propofita  aequalis  Summae 


s — m  X  s — p  x  s  —  q 

ABC  D 

H 1 + 


mx         I  —p  X         I  —  qx  i—sx 

I 


Cafus  4.]  Sit  Fra<5iio  propofita  ■ 


I — ex-hfx  X — g  x^  +bx^-^kx^ 
fingaturx^  --ex^+fx  ^  ^gxx  +  bx  —  k  —  o^  fintque»i,p,  j,j,/. 

Radices  iflius  ^quationis  \  pone  A 


m-^p  xm—q  xm—sxm  —  i 


p^  q^ 


p-^mxp  —  qxp — sxp — /  q — mxq — pxq  —  s  xq  —  t 


s — mxs — px  J  —  qxs — /  t — mxt — ^-x  / — qxl  —  s 

A  B 

Eritque  Fradio  propofita  aequalis  Sumjtn^,  — ■. 1 -f- 


I — mx        I — mx 


C  D 

H 


I  —  qx        I — J^        I  —  sx 

Lex  Reduftionis  illiufquc  continuatio  patent,  ut  inutile  fo/et  illas 
verbis  explanarc. 

CorolL  I.]  Si  Radices  omnes  fint  aequales,  non  poterit  Fradlio  pro- 
^fita  reduci  ad  fimpliciores. 

Qoroll.  2.]  Si  Radices  aliquae  fint  sequales,  aliae  vero  in£(t]uales,  po- 
terit reduci  Fraftio  propo/it^  ad  fimpliciores  -,  fit  v.  g.  Fraftio  pro- 
pofita 


into  more  Simple  oneL  5^ 

I 

pofita  — ^,  fadloque  ut  praeiTcriptum  eft  x  ^  — idc^f 

I — ex^fxx—gx^ 

+•  f  X  — g=^o.  Sint  Radices  iftius  ^quationis  m^  p,  j,  quarum  m  8e 
^  unt  aequales :  erunt  Fra<ftioncs  fimplices  'in    quas  refolvicur  pro- 

mm  pp 

pofita  :z=i — zrizzL —  H- 


m  — p  y.m  —  jxi  — mx      p  —  mxp  —  yxi  — px 


addantur  duas  priores  in  unam  Summam, 
f — m  xq  —  px  I  — q  X 

&  crit  Summa  (divifis  Numeratore  &  Denominatore  per  m  —  p). 

mp  — qx  m -+-^  -f- mpqx  mm — iqmrhmmqx 

-,   five 


m—q  xp — jH-i — mxxi—px  m — j}*  x  i — m  x\^ 

m  qm 

fipg  —       -  ,  ■    — zz:z:z *-    adeoq<^   Fraftione* 

in — q  X  I — ^xf^    m — qx^  x  i  — m>.\^ 

m  \                                 qm 
itduda;  erunt — nnrrr     — '■        ' 


+ 


m-^qxi — mfx\^        »i  — y]  *  x  i  —  mx\^ 


m — 9/*  x  1  — qx 

Corolh  3.]  Si  Fraftiones  fimplices,  in  quas  refolvitur  Fraftio  pro 
pofira,  involvant  Quantitates  imaginarias,  tunc  quicquid  eft  imaginarii 
femper  deftruetur  per  additionem  duarum  vel  plurium  Fraftionum 
mimero  pari  fumptarum. 

CorolLj^l  Ex  combinatione  Fraftionum  fimplicium,  &  apta  li- 
mitacione  Radicum,  plurima  fiiborientur  Theoremata  in  quibus  ine- 
rit  concinnitas  quacdam  minime  afpernenda.  Ex.  g.  fit  Fraftio  pro-* 

jxfita : — ; .«■■/  '  >  faftoque  «t  antea  x^  —  ex^ 

I — ex+fxx — gx^'^bx^ 

+fx X  —  gx^bz=:o.    Sint  m^ p^  q,  s^  Radices  ^quationis,    fint- 

que 


^4'  ^^  ReduBim  .of  ./4^e6raie  'FraSiions 

A  B 

que  I^raftiones  in  quas   refolvitar    propofiu, 1- 


I — mx  ■       t  —  px 


5 

tur  fimul  duae  priores,  iremque  duac  pofteriorcs,&  reducctur  Fraftiopro-       -  ? 


^ ( ^.      Ponatur  j = — m,  atque  f  =: — p\   addan- 


m-^p  —  mpx  m+p  +  mpx 

pofita  ad  ,  -f 


mm — 2?x  I — mmxx      £j — mmxi — jqxx 

Prop.  II.]  Si  JU  Fraffis  queelibet  cujns  Numeratcr  fit  data  ^an^ 
iitas\  £5?  Denominator  fit  Trinomium  vel  ^adrinomiumvel  ^inquina^ 
miumy  &c.  radicalitate  non  affeSum^  &?  utcunque  compofitum  ex  datis^ 
I,  e,  f,  g,  h,  &c.  6f  indeterminataxy  aique  dividatur  Numerator  per  De- 
nominator  em  J  ut  babeatur  Series  Infinitai  dico  fore  ut^  fi  fiimantur 
Termini  quilibet  iftius  Series  aqualibus  intervallis  a  fe  invicem  diftantibus^ 
Series  infinites  inde  refiiUantes^  fiimmabiles  Jutura  fint. 

I 

Exem^.  I.]  SitFraaio  propofita ;  reducatur  ilia  ad  Se- 

I — X — XX 

riem  infinitam,  nempc  ad  i  -I-  x-^zxx+i  x^  ^i^^  -i-Zx^ 
+  13x^  +  21  x'^  +34^  ^\^c.  fumanturque  Termini  omnes  altemi, 
incipiendo  a  pritno,  itidemque  fumantur  Termini  omnes  altemi,  inci- 
piendo  a  fecundo,  hincque  conficiantur  Scries  binae. 

Videlicet,    I'+'ix X'^ sx^  +  i%x^  ^ ^J^x^  &fr» 
x  +  i  a;'5-+-8  x^  +21  X  ^ -f- 55  ;c  ^  fcfir. 

Fingatur  Denominator  Fraftionis  propofitse,  i  — x— jptfrrro, 
jam  cum  indices  poteftatum  iadeterminatse  x,  in  novis  feriebus  fe  in^ 
vicem  fuperent  communi  differentia  2,  pone  xx=)z,  atque  ope 
duarum  sequationum  I — x  —  xxznOj  &xx=2,  fexterminetur  x; 
fietque  i  —  3  Jz  "*+-  22  =  0 ;  jam  nunc  leftituatur-y,-  &  erit  1  — ^  3  x  if  ■ 
H-  X  *  =:  (7 ;  dividatur  haec  aequatio  per  primam,  q^QCien*  erit  i  -f-  x 
—  X x\  fumantur  alternatim  Termini  quotientis,  propter  Terminos 
.alternatim  fumptosin  fcrie  propofita,  hincque  orientur  fummseducc, 
:i  —  XX,  &  X  ;  conftituantur  hse  fummae  Numeratores  Fradionum 
-duarum quarum  communis  -Denominator  fie  i  — 3xx  +  x^,  crunt- 

que 


;31 


2x;»-f-^xi — mxxi — px       2  xm+p  x  i -f-wxx  iH-px 

fi  vero  ponatur  ^  =  —  w,  atque  5= — y,  &  addantur  duae  pfbres,        "^ 
itemque    duae    pofl:eriorcs,     reducetur   FraAio  propofita    ad 

mm  qq  ::• 


into  more  Simple  onei^  ^^ 

^  ■ &      ■  fommaB  relpeftivas^  novaram 

Scncnim. 

Exemp.  IL]  Si  vera  dcfiderentur  fummas  terminorum  intervalli^ 
binb  a  fc  diftantium,  fiat  ut  prius  i  —  x  —  xxzuo^  jam  cum  indi- 
ces pbteftatum  in  novis^  feriebiB  fe^  innncem  fuperenr  communi  diffe- 
imda  3»  ponatur  *•>  •» 2^  &  fiet  1—4  2— zzzse?,  atque  reftituta 
y,  fiet  I  — 4*^  — Jf^=:^5  dividatur  i  —  4^^  — x^  per  i — x  —  xx^ 
ojodens  crit  1  -I-  x  -f-  2  y  y  — x^  +  *>,  cujus  termini  ordinatim 
Uimprradiiittrvalla  bina,  tres  confident  fummas,  videlicet,  i — x^^ 
91  -+-  x^,  2  X  «,  qtae  figiilatini  fumptse,  eruat  illae  Numeratores  trium 
FradioQUtn,  quibiisfi.appotiatur  communis  Denominator  \  — ^x^  -*^x^V 

I X*  X-^-X"^  2XX 

tnmt  trcsFraftiiones, , — -,  — ^ ^, 

i-^-^^x^  T-^^  I  — 4^^  •^— x^  I — 4x^ — x^ 

iommas  tres  Terminorum  omnium  binis  intervalTis  a  fe  diftantium, 
iictpieRdo  refpedliTe  a  primo,  fecundo  Sc  tertio  Termino ;  atque  ea- 
dem  methodo  colli^ere  licet  fummas  terminorum  ternis  vel  quatemia 
vcl  quinis  interval  lis  a  fe  diftantibus,  five  denominater--fit  quadrino- 
mkun,    vei   multinomium   qubdcuiaqae  ex  terminis  finitis  compo^ 

fitUflT. 

Prop.  HI.]  Si  dividatur  tJnitas  per  Trinotmum  utcunque  compoft- 
turn  ex  dads  i^  e,  f,  g,  &g.  tf  indeterminate  x ;  dico  Terminum  quern- 
visSeriei  ex  hoc  divifione refuUantis^  qffignabilem  fore. 
'  St Trinosmium  i  —  ex ^fxx ; finge x x^ —  e x "+"/=  o^  fint m 9zpy 
radices  -ffiquationis ;  fit  /  +  i  locus  termini  defidcrati,  hoc  eft  ex- 
primat  /  intervallum  inter  primum  Terminum  &  Terminum  quaefitum. 


m 


Fac  A=t  — »p^^  B  =s ,  et  erit  Terminoa  dcfideratus  Ajnf  4-  Bp/  x  xL 

fm — p      p^^m 

Eodem  modo   fi .  dividatur  Unxtas  per  Quadrinomipm  i  —  ex 
+fxx^^gx'^\  ppne^^ — exx^fx-r-g  =  q^  fmcque iw, /^>  j, . 

mm  pp 

ndices  iEquationis,  fee  A  =    ■  B  =  ■   .         _  — >■*,  C  = 

m — pxm  —  q  p  —  mxp  —  q 

W  _, 

%  Et  erit  Terminus  defideratus  Aw-FBp7-FCj^  x  x^. 


j_OT  X  q  —  p 

&  ler  eadem  obtinet  pro  Multinomiis  quibufcunque. 


Problem* 


]56  A  Problem  in  the 

Problcma  I.]  A  &f  B  quorum  Dexteritates  ftnt  in  ratiom  data^  vi- 
ielicet  ut  2l  adh%  ea  conditione  ludant^  ut  quotiis  Aludum  unumvice-  ,t 
rttj  B  tradat  ipji  nummum  unum:  quoties  vero  B-micerii^  A  fradai  ^ 
ipji  nummum  unum :  &  non  prius  Judo  dejtftant^  quam  eorum  alter  num- 
mos  omnes  alterius  lucratus  fuerit  5  quaritur  quantum  frobabile  futurum 
fit  Ut  certamen  irUra  datum  ludorum  numerum  Xj  vel  expirante  illo  m- 
mero^  finiatur.  / 

Cafus  u]    Sic  ti  numcrus   nummoram   quos  uoerque  CoUufonim       ^ 
habeat ;  fic  tmrn^n  numerus  par,  ponaturque  «  ad  ^  habere  radonem      ^ 
xqualitatis. 
f/^.  2.         Centro  D,    Intcrvalk) 'D  A  =  i,    defcribatur  Semicircumfcrcntia       ^ 
AM  Z,  quae  dividatur  in  toe  partes  aequalcs  quot  funt  unitatcs  in  » ; 
tunc  ex  prime  H,  tertio  K,  quinto  M,  &c.  &  impari  quoque  divifio- 
nis  termino,  demittancur  ad  diametrum  perpendicula  HB,  KC,  M  D, 

OE,  QF,  &c.  ponatur  Q=: 4- ^  — 

AB*"^'       AC*'^"      AD*'+' 

H ,  &c.  donee  finus  omnes  exhauriancur :  quo 

fado,  erit  probabilicas  cercaminis  finiendi  intra  ludos  non  plures 
quam  Xy  ad  probabilitatem  non  finiendi,   ut  2  a-^"*'  n  —  Q^ad  Q^ 

accurate. 

HB'+' 

CDrolL  I.]    Si  fumatur  pro  Q^ Terminus  primus  ncg- 

AB*^-^* 

ledtis  caetcrk,  habebitur  approximatio  fufiiciens  nifi  forte  fit  x  Hume- 
rus valde  exiguus. 

Exemp.']  Sit  n  numerus  nummorum  quos  uterque  Colluforum  ha* 
beat  =10.  Sit  etiam  ^  =  76.  Si  fumatur  pro  Q^primus  terminus 
&  negligantur  caeteri,  invenietur  probabilitas  certaminb  finiendi  intra 
ludos  non  plures  quam  76  ad  probabilitatem  non  finiendi  ut  50747 
ad  49235  ;  fi  vero  fumantur  pro  Qjtermini  duo  priores  negledtis  caete- 
ris,  invenietur  ratio  probabilitatum  ut  50743  ad  49247. 

.CorolL  2.]  Invenire  quotenis  ludis,  probabilitates  certaminis  fini- 
endi &  non  finiendi  erunt  aequales. 

HB^+' 

.Solutio.']    Ponatur  pro  Q^  Terminus  unicus ,    fiatque 

AB*^^^ 

^\x—i  ^  —  Q^-- Q^  Et  pofito  n  maximo  numero,  invenietur 
x,=.o,  756  H  n  proxime,  aliquanto  major  quam  i»». 

Cafiis 
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CaJUs  2.]  Sitxrnumerus  impar,  ponaturque  ^  ad  ^  habere  rationem 
zqualicacis. 

Ccncro  G,  incervallo  G  A  defcribatur  fcmicircumferentia  A  M  Z  pi^  ^ 
quae  dividatur  in  tot  partes  sequales,  quot  funt  unitates  in  n  \  tunc  ex 
primo  H,  tertio  K,  quinto  M,  &  impari  quoque  divifionis  termino, 
demittantur  ad  diametrum  pcrpendicula  H  B,  K  C,  M  D,  O  E,  QJF, 
^c.  ex  djaoiecri  extremitate  A,  primo  fcilicet  arcui  contermina,  du- 
canrur  fubtenfae  AH,  AlC,  AM,  i^c.  ad  quas  e  Centro  G  ducan- 

BH^xGa 
tur  pcrpendicula  Ga,  G/3,  Gy,  GoO,  Gi,  &c,  poaatur  Q=: 

AB^ 

CK'xGjS     DM'xGy     EO*xG/       FQ^xGi 

+ --f- &c.  quo  faAo, 

^+1  ^+1  ^+»  *+i 

Ac~r"    AD~r*    AE~r~    af  z 

eric  probabilitas  certaminis  finiendi  intra  ludos  non  plures  quam  x,  ad 

z 

probabilitatem  non  finiendi,  ut  2        n-^  Qjd  (^accurate. 

HB'xGa 

CcroU.i.']    Si  fumatur  pro  Q^tcrminus primus neglcftis 

AB    2 

caetcris,  habebitur  approximatio  fufficiens. 

ExempLI  Sit  n  numerus  numn[K>rum  quos  uterque  Colluforum  ha- 
beat  =  45*  Sit  ctiam  ^  =  1519.  Sumatur  pro  Q^terminus  primus 
ncgieftis  casteris,  &  invenietur  probabilitas  certaminis  finiendi  intra 
ludos  non  plures  quam  15 19  ad  probabilitatem  non  finiendi,  ut  49959 
ad  50441,  quas  proportio  eft  vero  proxima. 

CoroU.2.'\  Invenire  quocenis  ludis  probabilitates  certaminis  finiendi 
&  non  finiendi  erunt  aequales. 

HB^xGtf 

SolutioJl     Ponatur  pro  Q^  Terminus  unicus ,   fiatque 

AB— 7- 

2         n  —  Qj=:  Qj  &  pofito  n  nugno  jiumero,   invenietur 
x^o.  756  nn  proxime,   aljquanto  major  quam  \nnt  contra  quam 
fentiebat  Clar.  Monmortius. 

Vol.  VL  I  Cafus 


58  A  Problem  in  the  D&Sirini  df  Chances 

Cafus  3.]    Pofitis  cjBteris  ut  in  primo  cafu,  fit  a  ad  J  ratio  inaequa- 

a-^lf  a  —  i|»  ah 

litatis  (vid.  Fig.  2.)  Pone  ■• '  it  L,  •    ■  =  i,     

a+^  a-\-^  <»4-*f 

HB?  CKy  MDq  <5Ej 

=  r,  Fac,  I,  2  r  : :  -. j  m  : :  -'-^i  *  : :  — — ,  a  : :  , 

AB  AC  AD  AE 

Of? 

s  :  :  ,  /. 

AF 

HB  \^  CK  /      t^  MD         ix 


Pone  Q==  * — -  tn 

2i-AB  +  ^     .         2rAC-!"/  2rAD+j'  ^ 

fc?r.  quo  fa6to  erit  probabilitas  .  ludi  finiendi  intra  ludos  non  plures 

quam  x,  ad  probabilitatem  noh  fiftiendi,  ut  «r"*"""* — 2LQ^  ad 
2LQ. 

HB 

CorolW]   Si  fumatur  pro  Q^Terminus  primus  — 'tn^^ 

negleftis  caetcris,  habebitur  approximatio  fufficiens. 

Cafus  4.]  Pofitis  caetcris  ut  in  fecundo  cafu,  fit  a  ad  h  ratio  inae- 
qualitatis  {vid.  Fig.  3.) 

Pone  quantitatcs  L,  i,  r,  m^  p,  q,  j,  /,  &c.  ut  in  tertio  cafu. 

BHxG«     IZl        CKxGiB  ^'-^-DMxGy^-' 

PoncQ^— m    2 ^- — p   2        TT" 

2rAB-+-i  2f-AC-^J  2rAIhh/ 

^c.  quofafto  erJt  probabilitas  ludi  iiniendi  intra' ludos  non  plur^s 

quam  Xy  adprobabilitatem  non  finiendi,  ut»r^—  4  L  O ,  ad 
4  L  Q^ 

BHxGa     *j::l'  ' 

Cor  oil.']  Si  fumatur  pro  QJTerminus  unicus  — — __  m  »    ^^g,  t 

2rAB  +  i      _     .  1 

ledlis  caetcris  habebitur  approximatio  fufficiem. 

^uemadmodum  in  frop-effione  Geometricd^  Terminus  quilibet  odproxi- 
me  pr<scedentem  hahet  rationem  datam^  ita  funt  alicB  Prognjftones  qucB 
/ic  conjiitui  pojjunt  ut  ajfumptis  ad  libitum  ferminis  duohus  primis,  Ter^  : 

minus 


wki  its  federal  Cafes.  5  9 

minus  quilibei  fubfequens  ad  duos  fracime  fractdenUs  baheat  ratio  nes 
diUasi  bujufmodi  eft  fuhjeSta  Sfries^ 

A        B      C  D  E  F 

i-^ix+j 9CX+  17^  '  +41  x^-Hpp  AT  ^  &c.  in  qua 

C  =  2BX+1  Axx 

D  =  2Cx+  I  Bxx 

E  =^  2DX+1  Cxx 

F  =  2EX  +  1  Dxx&c- 

D^niHd]  ^anfitaies  autem  Numerales  2-+-  ifimul  fumptas  fuhque 
fropriis Jignis  connexas  appellate  licet  Indicem  Relacionis.        • 

Eodem  tnodo  conftttul  pjfunt  feries  alia  in  quibus  ajfumptis  ad  libi- 
tum Termms  tribus  primisy  Terminus  quilibet  fubfequens  adtres  proxi- 
me  prmcedentes  habeat  rationes  datas  s  bujus  generis  eft  fiibjeSa  Se- 
ries. 

A      B      C  D  E  F 

iH-2x-l-3^x-f-iox  '  -f- 34x^  +  97  x^  &c  in  qua 
D=  3  Cx— 2BXX-+-5  Ax' 
E=3Dx  — 2Cxx-l-5Bx5 

F  =3Ex  — 2DXX  +  5CX'  &c 

^antitaifs  autem  Numerales  3  —  2  +*  sftmulfiimptce  fubquepro- 
frits  jfgnis  connexay  componunt  Indicem  Relationis. 

Zunt  alia  feries  in  quibus  Relatio  fit  ad  quatuor^  vel  ad  quinque^ 
veladjex  Terminos  prcecedentes^  &c/ . 

D^nitio.']  Smes  zutcm  omnes  hiyus  generis  recurrentes '  apptlhre 
licebit,    propter  Relationem  Tcrminorum  perpetuo  recurrentem. 

Problema  II.]  Injeriebus  recurrentibus,  ex  datisTerminis  duobus  pri- 
msj  Ji  relatio  fiat  aa  duos  pracedentes  5  vel  datis  Terminis  tribus  pri- 
mis  fiat  ad  tres  pracedentes,  &c.  d^Uo  etiam  indice  relationis ^  invenire 
fimmam  Terminorum  quptUbet  quorum  numerus  datus  fit. 

Problema  folvitur  m  Traftatu  noftro  qui  infcribitur,  The  DoSlrine 
of  Chances. 

Problema  III.]  AJJumptis  ad  libitum  feriebus  quotcunque  recurrent 
tibus  ;  Termini/quej  iifdem  intervallis  a  principio  fisrierUm  diftantibus^  in 
fe  invicem  multiplicatis^  invenire  fummam  feriei  ex  bac  multiplicatione 
reftiltantis. 

Inveftigatio.']  P  Proponantur  feries  duse,  fitque  f« -f- « Index  Rela- 
tionis in  i>rima  feric,  atque  p'^q  Index  Relationis  in  fecunda,  ex 
primo  Tndice  m  +  n^  formetur  iEquatio  xx —  mx  —  nznOy  ex  fe- 
cundo  Indice  jp+  j,    formetur  ^quario  yy  —  py  — ?=^,    pone 

I  2  xy 


of  the  fifth  A  H  N  = 


6 
x*A— 4  2JB-f.6z»C— 4rD-f-E 


il 


r^ 
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xy=:z.  Atque  ope  trium  iftarum  ^uationum,  expungantur x6cy^ 
&orietur  jEquatioz*  —  mp  z^  — mmqzz  —  fnnpqz^nnqqz=zo^ 

—  npp 

in  qua  deleto  primo  termino  z  ♦,  mutatis  fignis  omnibus,  atque  po- 
fico  2=1,  obtinebitur  Index  Relationis,  quo  obtento,  fcries  reful- 
tans  facile  fummabitur.  ^ 

ir  Eodem  modo  procedere  licet,  fi  dentur  fcries  trcs  vel  quatuor 
&c.  recurrentes. 

ADemonftra-      VI.  This  Propofition  confifts  of  two  Parts:  The  firft  is  as  fol- 

tion  oftbf  1 1  tb  lows.  ^ 

Propofition  0/       pi^jl  Part.]  Let  tliere  be  any  Curve  A  D  I,  whofe  Abfcifle  A  B 

NcwtonV       ^^^1  ^  denoted  by  z,  and  its  Ordinate  B  D  by  y ;  which  may  be 

^aiiratunsifTthttd  in  any  manner  to  the  Abfcifle.     And  calling  this  the  firft 

iifr. B.Robins.  Curve,  let  other  Curves  A  E  K,  A  FL,  A  G  M,  A  H  N,  6fr.  be 

N*'.  397.  p.    formed  to  the  common  Abfcifle  A  B,  or  2,  by  making  the  Ordi- 

m' jL  "*^^  BE^f  the  fecond  Curve  always  equal  to   the  Area  ABD 

^'  of  the  firft  divided  by  Unity ;  the  Ordinate  B  F  of  the  third  equal 

to  the  Area  A  B  E  of  the  fecond  divided  by  Unity  ;  the  Ordinate 

B  G  of  the  fourth  equal  to  the  Area  A  B  F  of  the  third  divided  by 

Unity;  and  fo  on  continually. 

Suppofenow,  that  other  Curves  A  O  S,  APT,  AQ^V,  ARW, 
be  defcribed  to  the  fame  common  Abfcifle  A  B  or  z ;  in  which 
Curves  the  Ordinate  BO  of  the  Curve  AOS  (hall  Ik  equal  tozy, 
the  Ordinate  B  P  of  the  Curve  APT  equal  2  *  y,  the  Ordinate 
B  Q^of  the  Curve  A  Q^V  equal  to  2  ^  y,  the  Ordinate  B  R  of  the 
Curve  ARW  equal  to  z  y,  C^c.  And  let  the  whole  Area  A  C I 
be  denoted  by  A,  the  Area  A  C  S  by  B,  the  Area  A  C  T  by  C, 
the  Area  AC  V  by  D,  the  Area  ACW  by  E,  t?r.  Then  the 
Seriesof  Curves  A  DI,  AE  K,  A  F  L,  A  GM,  A  H  N  arc  thus 
jneafured  : 

The  Area  of  the  firft  Curve  A  D I  is  =  A 
of  the  fecond  AEK  is=:  zA  —  B 

'of  the  third  A  F  L  =' 

2 

—  of  the  fourth  A  GM  =  — 


24 
and  fo  on  perpetually. 

Here 
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Here  in  alt  the  Curves  following  the  firft,  the  Index  of  the  highefl: 
Power  of  z  is  always  the  Number  which  expFefles  th^  Diftance  of 
the  Curve  from  the  firft,  and  afterwards  decreafes  regularly  by  Uni- 
ty ;  the  firft  Term  is  multiplied  into  A,  the  fecond  into  B,  the 
third  into  C,  the  fourth  into  D,  and  fo  on  ;  the  Coefficients  are  the 
fame  as  in  a  Binomial  raifed  to  the  higheft  Power  of  z,  and  the  Di- 
vifor  is  fo  many  Terms  of  this  Progreflion  1x2x3x4x5x6  £s?f . 
as  is  exprcfs'd  by  a  Number  equal  to  the  higheft  Index  of  z. 

Otherwife  fuppofing  x  to  reprefent  the  Diftance  of  the  Curve  to 
be  mealurcd  from  the  firft  5  then  the  Area  fought  will  be  found  by 

extending  z —  ij«  into  a  Series,  and  multiplying  the  firft  Term  by 
A,  the  fecond  by  B,  the  third  by  C,  the  fourth  by  D,  (^c.  and  di- 
viding the  whole  hy  nxn  —  iy(n  —  2  6fr.  continued  to  Unity. 

Second  Part.]  Suppofing  the  firft,  fecond,  third,  (^c.  Curves  to 
be  the  fame  as  before  :  Let  /  denote  the  whole  Abfcifie  AC,  and 
put  y  for  BC:  then  defcribe  the  Curves  CX  A,  C  Y  A,  CZ  A, 
CrA,  where  B  X  ftiall  be  equal  to  xy^  B  Y  =;;»  y,  BZrzx^  y, 
B  r  =  X  ♦  y,  &c.  This  being  done,  and  in  the  Series  of  Curves 
C I  D  A,  CX  A,  C  Y  A,  C  Z  A,  CrA,  i^c.  the  firft  Area  CI  DA 
being  put  equal  to  P,  the  fecond  C  X  A  equal  to  Q^  the  third 
C  Y  A  =iR,  the  fourth  C  Z  A  =  S,  the  fifth  C  r  A  =  T,  6ff.  the 
whole  Areas  of  the  aforcfaid  Series  of  Curves  are  alfo  determined 
as  follows.  ~ 

The  firft  AIC  =  P 

The  fecond  A  KC  =  Ct 
The  diird  A  LC=iR 
Thefourdi  AMC^^S 

The  fifth  AN  C^^iT. 

Here  the  Areas  P,  Q^,  R,  S,  T  are  divided  by  Numbers 
produced  by  multiplying  as  many  Terms  of  this  Series 
1x2x3x4x5  Wf.  together,  as  in  the  former  Cafe. 

Demonftrationof  the  ift  Part.]  Let  the  Area  ABD  be  denoted 
by  a,  the  Area  A  B  O  by  *,  A  B  P  by  f,  A  B  Q^  by  J,  and  ABK 
by  f.     Then  it  is  evident,  that 

•  •  •  . 

The  Fluxion  of  the  Area  ABDis=2xBD=:zy  =  tf 

The  Fluxion  of  the  Area  ABO  is  =2  xBO  =  z2y  =  J 

The  Fluxion  of  the  AreaAB  Pis  =  2xB  Prrrzz^y  =  ]? 

&c*  &c. 

Hencd 
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Hence  • 

z  Xtf  is  (  =  22y  )  =  ^ 

•  •  •     t 

•  •  •         •       f 

Or  generally 

•  •  •  • 

Z"  X  ^  =  2  '-"'  X  ^  =2  «— *  X  ^  =  Z *"-3  X  J,  &€• 

Now  aszxABD  or  2xjis  =  Fluxion  of  A  B  E,  if  you  add, 

•        •  • 

to  the  firft  Part,  zxa{=zzy)  and  its  equal  b^  to  the  other  Part, 
it  follows,  that 

^  ^  ^  V=  Fluxion  of  ABE  +  i 

And  taking  the  Fluents 

zx/a  =  ABEH-J,  orABErr  zx  a^-h  ;  and  when  z  or  A  B 
becomes  =  A  C,  then  ABE  becomes  A  C  K,  and  a  and  b  be- 
come A  and  B  ;    therefore  ACK  is  =  x,  x  A — B. 

Again,  The  Ordinate  BF  of  the  next  Curve  is  equal  to  ABE, 
which  has   been    proved    equal    to  z.x  a — b.    Confequently  the 

•  • 

Fluxion  of  ABF  is  =  z.x.^  —  Tib  5   and  if  you  add  to  the  firft 

•  •  •  » 

Part  of  this  Equation,  i^*Xtf  —  TLb  (=J;t*;cy  —  z.z.^  y  — 

—  a  ^  ^*  ^)  ^"^^  ^^  Equal  —  i  r  to  the  other,  it  follows,  that 

^  *    '^ 

^  ^  f  ^  ^  C=  Fl  u  xion  of  A  B  F  —  A  ^ 

And  taking  the  Fluents 

5  ;c*  tf-*-^  t  =  ABF — Jr;   or  by  tranlpofing 

2*tf — zzb^c 

ABFss      '  *       J  or  fttppoCng  «.  equal  to  AQ 

ACL 


ACL  = 
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2»A— 2zB-f-C 


The    Ordinate  BG  is  equal  to  ABF,    which  has  been  proved 
equal  to     ■  ;   Therefore  the  Fluxion  of  ABG  is  equal 


to .     And  adding  \0  a  —  \z.^  b-h  I  x.  c 

•  •  •  • 

(=  ^  X,  X.'  jf  —  i  t  X.'  y  -f-  i  ai  «,^  y  =  J  x.  fcJ  y)  on  one  fide,  and 

its  Equal  ;|  i  on  the  other,  it  will  be 

*"'f-"^^^*^^?c=  Fluxion  of  ABG  +  Si 
+^2' -»  — 52*^  +  55:0 

And  taking  the  Fluents 

\i^  a — \zj^  i  +  ^';?:^  =  ABG-+-  \  d\  and  tranfpofing,* 

TL^  a  —  3^*^  +  3^^  —  d 

ABG  =       '  5  or  fuppofing  tl  equal  to  A  C  5 

6 

x,»A— 3r*B+3«.C— D 

then  ACM  = . 

6 

In  the  fame  Manner  the  Fluxion-  of  ABH  is  equal  to 

•  •  •  • 

z.z.^  a — ^  z.z.^  b  +  3  7iz.c  —  td 

— —  i  and  adding  on  one  fide 


^z."^  a  —  i  7i^  b  +  %z.^  c  —  i  z.d,   andits  Equal  —  ,j^e  on  the 
other,  ir  becomes^ 

And 
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And  taking  the  Fluents 

^^z^  a  —  %z.^  *-l- Jz.*  c—%z.d=.  ABH  — Z;^  e:  therefore 

z.^ a — 4^.5  J  +6^  *  c — ^z.d+e 
ABH  = i 

24 

Or  ACN=z:*A  — 4:c^B  +  6^*  C— ^;lDH-E,  fuppofing;^, 
equal  to  A  C.  In  like  manner  you  may  proceed  to  meafure  any  of 
thefe  Curves :  and  you  will  always  find  their  Value  the  fame  as  is 
exprefled  in  the  Propofition. 

yrbe  2d  Part  demonftrated.]  Suppofe  any  Curve  whofe  Diftancc  from 
the  firft  is  denoted  by  n ;  then  the  Curve  whofe  Abfcifle  is  B  C  or 

X,  and  its  Ordinate  ;tf  "y-  divided  by  »  x  n — i  x  n — 2  x  « — 3  &c  con- 
tinued to  Unity  will  be  equal  to  it,  when  x  is  equal  to  A  C  or  /. 

It  is  evident,  that  when  the  Areas  ABD,  ABO,  ABP,  ABQ, 
A  B  R,  t^c.  decreafe,  the  Areas  B  CI  D,  B  C  S  O,  B  C  T  P,  BGVQ^, 
BC  W  R  increafe  refpedlively ;  and.  confequently  the  Decrements 
of  the  Areas  ABD,  ABO,  ABP,  i^c.  or  theii;  Fluxbns  with  a 
negative  Sign,  are  the  Increments  or  Fluxions  of  tjie  Areas  B CI D, 
BCSO,  BCTP,  &c-  that  is,  calling  the^Afea  B  C I D,  a;  the 
AreaBCSO,  jB;  the  Area  BCTP,  y  i  BC  V  Q^,<^  s  BCWJl,  t: 


then  «  =  — a^  j3=r — J,  y= — f,  c^=:  —  dy  «  =  —  e. 

Now  the  Fluxion  of  the  Curve,   whofe  Abfcifle  is  5=x,  or  B  C, 

and  its  Ordinate  z=ix  "y  is  x  ^»y  5  that  is,  equal  to  x  y  x^  —  xl^; 
X  being  =/  —  x.  j  or  fince  the  Incremenc  of*,  or  jf  is  equal  to 
the  Decrement  of  x,  or  —  i,  the  Fluxion  of  the  feme  Curve  is 

equal  to — x.yx/  —  ;c|*  =  —  2.y  in 


n — I 
i'  — »x/ »--»«,  ■+-/rx /«-»x;c*,&c. 

2 


2 

I  n — I 

thatis,  =/»x— ij— ^/-^'x— *  +  »x /*-»  x — r,  &c. 

2 

or 
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ftr=/*a— »f^p-+-»x /  »-»  y,  &c.  and  taking  the  Fluents, 

2 

die  Area  of  the  Curve,  whofe  Abfciffe  is  x^  or  B  C,  and  Ordinate 

n — I 
*  'J,    is  equal  to  /« a  — «  /  —'  $  -f- »  x  ;- —  t «-»  y,  &c.  But  when 

2 

xh  equal  to  AC,  then  a,  0,  y,  &c.  will  be  equal  to  A,  B,  C, 
&c.  as  is  very  evident  j  confequently  the  Area  of  the  Curve  whofe 
Abfciffe  is  Xy  and  Ordinate  y »  y,  when  ^is  =  AC,  is  /«A  —  n  /«— 'B 

» — I  * 

+  »  X X  /"-*  C  &c.  that  is,   equal  to  / — 1|»  thrown  into  a 

2 

Scries,  and  the  firft  Term  multiplied  by  A,  the  fecond  by  B,    the 

third  by  C,  6fr,  But  t — i'*  thrown  into  a  Series,  and  the  firft  Term 
multiplied  by  A,    the  fecond  by  B,  the  third  by  C,  C^c.  and  then 

d)C  whole  divided  by  n  x  n — i  xn — 2,  6?^.  continued  to  Unity,  is 
qualto  the  Area. of  the.  Curve,  whofe  Place  in  the  Series  is  denoted 
by  n :  Therefore  the  Area  of  the  Curve,  whofe  Abfciffe  is  equal  to 
Xy  and  its  Ordinate  to  x*y,  taken  when  x  is  equal  to  A  C,  and  di- 

vidcd  by  a  x«— I  X  n — 2  x  n — 3,  C^c.  continued  to  Unity,  is  equal 
to  the  Area  of  a  Curve  whofe  Place  in  the  Series  is  denoted,  by 
n ;  that  is,  Q^  whidi  is  the  Area  of  a  Cuive,  whofe  Abfcifle'  is  x, 
and  Ordinate  xy  taken  when  Jf  is  =  AC,  is  equal  to  the  fecond 
Curve  A  K  C  •,  i  R,  which  is  the  Area  of  the  Abfciffe  ^,  and 
Ordinate  x  *  y^  taken  in  the  fame  manner,  is  eaual  to  the  third 
Curve  ALC;  ^  S,  which  is  a  like  Area  to  a?  ana  x^  yj  is  equal 
to  the  fourth  Curve  A  M  C;  ,\  T,  the  Area  to  x  and  ^r  ^  y,  x  be- 
ing equal  to  A  C,  is  equal  to  the  fifth  Ciinre  ANC;  and  (b  on 
perpetually  Qj  E.  D. 

yil  J  Ineunte  Anno  1 707,  incidi  inMethodum  qua,  -^Equatione  data  0/  the  Seahn 
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nn — I  nn — 9  «»  — 25 

2x3  4,x5  6x7-  , 

Vel  iftius,  '^ 

li — nn  9 — nn  25— »«  •}: 

ny-l Ay  J  + By  ^  + Cy'&c.*=ai  i^ 

2x3^  4x5    ^  6x7  > 

ubi  quantitates  'A,  B,  C,  &cc:   rcpraefentant  CocfEcientcs  Termino- 
rum  prxcedentium.  Radices  determinavi  ad  hunc  modum. 


Pofito  a-^  V^  aa-hizzv  in  primo  cafu. 


a  +  \^  aa  —  i  =i;in  fccundo. 

z 

.Iff-         2 
Erit  y  =•  —  ^/\; in  primo  cafu. 

I 

I    n  2 

y  =-^  1/  V  +  — •  in  fecundo. 


Solutiones  autem  iftae  infertae  fuerunt  in  Philof.  Tranf.  Num.  309,       '^ 
px^Jdn.  Feb.  Mart,  ejufdem  ^ni. 

Jam  quibiis  perfpelt^m  erit  quo  artificio  Formulae  iftas  inventae       ^ 
.fuerinc,  his  pFOCul.dpbio:patebiC;  aditus  ad  demonftrationem  fequen- 
tis  Thcorcmatis.    .    •   / 

Sit  X  Sinus  Verfiis  Arcus  cujuflibet. 
'  .      /'Sinus  Vcrfus  Arcus  akerius. 

_   ;  .     ..  I  ;.      .  .1  Radiiis  .Circuli.       .  i 

'^  ^  Sitcpie^Arcias'f)riotadpaftcnor€mut  .1  ftd»>  Tunc,  affumptis  bi- 
nis  wSiquationibus  quas  cognatas  appellare  licet, 

I-^2ZH-Z      =— 2Z/ 

I 22+2^.= — 2Z.X.  •" 

-Expmi^dque^i;  orictur-'^quiati^  -qua  -Relatio   inter  x  ^  i  de-  i 

terminatur.  \  '^  v 

Coroll.  I.]  Si  Arcus  pofterior  fit  Scmicircumferentia,  ^quationes  k 

trunt  ^ 

*r/Jr  AuQoris  doAifEmi  Mifcdlanca  Analytia^  nnper  in  Lucem  cdiu,  a  Pag.  13. 
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e  quibus  fi  C3tpungatur  z,  orietur  .Squatiptt^va  detcrminantur  Sinus 
Verfi  Arcuum  qui  fint  ad  Semicircumferenoamf  femcl,  (cr,  quia*, 
quies,  &c.  fuini>um9  ut  i  ad  n.  :   : 

Conll.  2.]   Si  Arcus  pofterior  fit  Circumferentia,   ^quatiooei 
enmt 

1  —  2  =  0 

I -— 2  z-t- ««  =s  — 2  « X  5 

e  quibus  fi  expungaCur  z,  orietur  iEquatio  qua  determinantur  Sious 
Verii  Arcuiun  qui  iint  ad  Circumferentiam^  femel^  bis,  ter,  qua^ 
itTj  &c.  fumptam,  ut  i  ad  ir. 

CorolL  3*]    Si  Arcus    pofterior  fit  60  Graduum^;  ^quatiQties 
cnmt  ./:,:; 

I z+z      =.0  "  '* 

I 2Z  +  Z2  =  — 2Z;tfi  ! 

c  quibus  fi  cxpungatur  jc,  orietur  iEquatio  aua  detcrntlnkntbi' Sjniii       '  ' ' 
Vcrfi  Arcuum  qui  fint  ad  Arcum  00  Graduum,     /  /  '  '  '  ^  ''\ 

Qt  I  ad  IT. 
Si  Arcus  pofterior  fit  120  Graduum,  iEquationes  eruiiC 

\    .  i  ...  ; 

l+Z  +  Z    =0 

I  —  2Z+ZZZZ*^%ZXi 

e  quibus  fi  expungaturz,  orietur  iEquatlp^qua  determidahturSimiii 
Vcrfi  Arcuum  qui  fint  ad  Arcum  126^  Graduum,  ^     '*' 

ot  I  ad».  J    ^ 

Vni.  D^/IL]  -R^r/^  Getnnetricis  generadai  aj^Uo  qnaJDlibet  fi--'C(;///if?/^»e^ 
guras  curva  quadam  per  ali^uftt  foliorum,    fcfc.  ab  uno  centro  ^^^'fi^^^Jl^i, 
pandcntium,  perimetrum  r^currcntc  oirjcumfcrjptas,  quales  cxhibcritQ'^^Q^jjJ 
Fig- 5»  ^»  7»  8»  9»  Q"^  quidem  flores,  pro  numem  foliorum,  bi-rN^j78^.355! 
fdlios,  trifolios9  tetraiblios,  .pinta&liaB,JhAxafolio8j  &z.,  licebitnan- 

CUpare.  .  .    .  \.    :;';.:.-..     h.    \    .'.:... 
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Bef.  II.]  C6m  porro  innumeris  modis  /BJufmodi  flores  generari 
poffint,  earn  genefim  hie  fpeciatim  confideramus,  quae  per  ramos  a 
centro  floris  prodeuntcs,  sequales  vera  finubus  angulorum,  iis  an- 
gulis,  quos  cum  data  pofitione  linea  rami  comprehendunt,  in  data 
ili'qua  ratiorie  proportltosiliumy  -  procedit :  cujufmodi  cunras  Rho- 
dM^4s  dudqm  appellaVittius,  eamque  proportionem  Rbodone^  cuili- 
bet  propriam  tliclmus. 

Def.  III.]  Rhodoneam  fimplicem  appellamus,  quas  una  circulatione 
perficitur,  duplicem  quas  duplici,  triplicem  quae  triplici,  &  fic  dcinccps 
pro  numcro  circulationum. 
Fig,g,  lo.  Itaquead  Rhodonearum  defcriptionem  aflumpto  quolibet  circulo; 
cujus  centrum  C.  &  dufto  ubilibet  radio'  CD  zd  radium  pofitionc 
datum  C  A  utcunque  inclinato,  fic  .  angulus  A  C  D  ad  angulum 
ACG  (five  arcus  A  D  ad  arcum  AG)  in  data  rationc  a  ad  *, 
du6boquc  finu  G  H,  fiat  C I  ajqualis  G  H  j  erit  pundum  I  ad  Rh<> 
done^m  fupra  definitam.    ...      * 

*  Ejufinodi  Rhodonear uhi  proprietates  ^  pra»cipuas '  enudeabimus, 
ncc  non  fpatia,  &  perimetros  breviter  dimetiemur  fequentibuspro- 
pofitionibus. 

Prop.  I.]  Sifuerit  arcus  E  A  ad  quadrantem  A  F  (Jive  angulus 
EC  A  ad  return)  ut  a  ad  b,  erit  E  C  unus  e  maximis  ramis  Rbo- 
4oflef  yjfiye, erit,  E  ape f^u^^  ejuifiliis.^       .     .  .- 

"Nam  ex  aefcn^tiprj4ipat^t^'j)Qhendum;  efl^^ 
F  C  finui  quadraritis  A  F,  qui  omnium  Unuum  eft  maximus. 

Prop.  II.]  ^odlibet  folium  Rhodonea:  circa  axem^  C  E  bine  inde 
aqualij  uniform^  fs?  JimiU  escpanftone  fpargUur.  ^  • 

Faftis  enim  hinc  inde'aequalibus'aneulis  E  C  M,  E  C  D,  ob- ar- 
cus asquales  interceptos  EM,  ED,  n  fuerit  arcus  A  M  ad  A  N, 
ut  AE  ^;,A)F5»:ut;/AD.ad  A;G^'dempe.in  data  rationc  dzS^b^ 
ctiam  refidua  EM,  FN,  itemque  ED,  FG  in  eadem  ratione  c- 
runt,  adeoque  ciim  antecedentia  EM,  ED  aequalia  fint,  etiam, 
confequentia  F  N,  F  G  inviccm  ^quabxintur,  uti  &  refidua  ad  qua- 
drantes  N  K,  G  A,  quorum  finubus  ciSkm  icquari  debeant  rami 
Rhodoncae  -C-JL,  C  h  ^  ^pfi  ^qyalps.  crunt.;  .quare  ab  axe  C  Ebipci 
inde  asquafi,  '&  uniforipnt )  q[pan|^^^  fpargitur  quodlibet  folium 
Rhodoncae.     Quod  crat,  6cc. 

Coroll.  i.]..Pb  aequales  arcus  EM,  E  D  fit  A  E  medius  Arith- 
meticus  intei*  AM,  AU,*quiintercipiimt  aequalca  ramosRhodoneae;. 
ideoque    horbm  fiimma  illius  duplum    adasquat,    five  seqqatur  toti 
A  E  P  arcui  feftoris  circumfcribentis  unum  Rhodoneae  folium. 
'  CorolL  2.]  Hinc  ctiam  arcus  MP  aequamr  AD. 

CoPoU.  3O  Et  eorundcm  arcuum  AM,  AD  fumma  ad  fcmipe- 
ripheriam  A  N  K  eft  in  data  ratione  a  ad  ^,  quam  habet  A  E  ad 
quadrantem  A  F.  4^^ 

Coroll.  4.]  Et  fe<9:or  A  P  C  Rhodpneae  circumfcriptus,  eft  ad 
femicirculum  in  eadem  data   ratione  n  ad  ^,   quam    habet   arcus 

AP, 
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A  P5  fivcfumma  duorum  A  M,  A  D  ad  femiperipheriam  A  NK. 

Prof.  III.]  Numerus  foliorum^  quibus  Integra  Rbodonea  fim^lex 
campingitur^  eft  ad  unitatem^  ut  2  h  ad  a. 

Tot  enim  folia  emerguAt  ex  hac  defcriptione,  quot  feftores  uni- 
cuique  folio  circumfcripti,  intra  circulum  difponi  poffunt ;  fed  qui- 
libet  fedor  eft  ad  femicirculum,  ex  Coroll.  3.  prceced.  ut  ^  ad  *, 
adeoque  ad  circulum  ut  ^  ad  2  i,  quarc  numerus  foliorum  in  una 
circulatione  eft  ad  unitatem  ut  2  i  ad  a.  Quod  erat,  &c. 

CorolL  I.]  Hinc  Rhodoneam  fimplicem  defcribere  poffumus,  quse 
datum  foliorum    numerum   fw,  puta  fex,    compledtatur,    fi  nempe 

m 
pro  ratione  a  2idb  affumatur  ratio  i  ad  —  (in  cafu  propofito  i  ad  3) 

2 

quomodo  erit  2  ^ad  a,  ut»i  ad  i  (in  propofito  ut  6  ad  ij  adeoque 
prodibit  datus  foliorum  numerus  m. 

Coroll.  2  ]  Sed  &  Rhodoneam  duplicem,  triplicem,  quadruplicem, 
&c-  eadem  arte  componemus,    dato  foliorum  numero  in  fe  recur- 

m 
rcntem,  fi  nimirum  pro  Rhodonea  duplici  fumatur  ratio  i  ad  — , 

4 

exiftente  dato  numero  m  imparl,  alias  prodiret  Rhodonea  fimplex 
fubduplo  foliorum  numero,  quae  in  fecunda  circulatione  fibimct  fu- 
pcrponeretur,  per  eadem  foliorum  veftigia  recurrens.     Pro  Rhodo- 

f» 
nea  triplici  ratio  i  ad  — ,  dummodo  numerus  m  non  fit  per  3  di- 

6 

vifibilis,  alias  iterum-  fimplex  Rhodonea  prodiret  fubtriplo  foliorum 
numero  contenta.     Similiter  pro  quadruplici  Rhodonea  ratio  i   ad 

m  .  •  '  •       " 

—  infciviet,  dummodo  numerus  m  fit  impar,  alias  Rhodonea  fmipleXf 
8  ' 

aut  duplex,  ut  antea  oriretur  ;  oportet,  enim  in  prima  circulatione 
^Ipeftu  Rhodoneae  duplicis  haberi  integrum  aliquem  foliorum  nu- 
merum cum  i  alterius  folii,  refpeAu  triplicis  cum  jj  vel  j  folii, 
refpciStu  quadruplicis  cum  ;*■,  vel  ^  alterius  folii  atqiic  ita  parifor- 
miter  in  aliis. 

Prop.  IV.]  Si  ratio  a  ad  h  non  fit  numeris  effabUis^  fed  arcus 
D  A,  G  A  fint  incommenfurabiles^  inmmera  folia  fibimct  per  iftfimtas 
circulationes  advoluta  circumponentur.  '  • 

Quselibet  enim  circuJatio,  praetef  certum  foliorum-  intigttorum  nu-    • '  ^  "    - 
merum,  partem   folii  fuo    toti  incommenforabilem  comprchendet, 

nee 
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nee  unquam  ad  idem  punftum  dcfcriptio  revertetur,  adeo  ut  sequa- 
tio  ejufmodi  curvae  infinitorum  fie  graduum.  Vtd.  Fig.  8. 

Prop,  v.]  Jl  ft  ratio  a  ad  b  fuerit  dupla^  prodibit  Rbodonea  uni- 
folia. 

Nam  ex  Prop.  4.  multitudo  foUorum  eft  ad  unitatem  ut  2  ^  ad 
a  ;  fed  in  hoc  cafu  ^  eft  2,  &  ^  eft  i,  quare  multitudo  fbliorum 
eft  ad  unitatem  ut  2  ad  2,  five  ut  i  ad  i  ;  adeoque  nnmerus  fo- 
liorum  eft  unitas.  Et  fane  arcus  E  A,  qui  fit  ad  quadrantcm  A  F 
ut  a  ad  J,  nempe  in  ratione  dupla,  eft  lemiperipheria,  adeoque  fe- 
micirculus  eft  fedor  AFE  circumfcriptus  femifolio,  cujus  axis  EC 
ex  Prop.  I.  ideoque  integro  folio  circulus  integer  circumfcribitur. 

CorolL  I.]  Facilis  eft  hujufmodi  Rhodoneae  unifoliae  defcriptio, 
fi  fuper  radio  E  C  dcfcribatur  femicirculus,  &  dudla  chorda  E  S  D, 
in  radio  CD  ponatur  C  I  aequalis  intervalio  CS  ;  nam  cum  C  S  fie 
finus  anguliCES  ad  radium  CE  computatus,  ejufque  anguli  du- 
plus  fit  A  C  D,  erit  ramus  CI  ad  Rhodoneam  rationis  dupla^,  juxta 
genefim  praemiffam. 

CorolL  2.]  Unde  etiam,  fi  centro  C,  quolibet  intervalio  C  S,  in 
difto  femicirculo  arcus  P  S  defcribatur,  &  tantundeni  extendatur 
in  I,  ut  fmt  arcus  P  S,  S  I  aequales,  erit  punftum  I  ad  Rhodo- 
neam; quippe  CS  perpendicularis  chordae  ED  bifariam  fccat  in 
prascedenti  defcriptione  angulum  ECD;  cumque  fit  CM  aequalis 
CS,  pundlum  I  eft  in  arcu  circulari,  centro  C  per  I,  &  S  tranfc- 
unte,  qui  continuatus  in  P  remanet  bifariam  fcftus  in  S, 

CorolL  3.]  Et  hinc  patet,  hanc  Rhodoneam  duplam  effe  circuli 
fuper  diamctro  E  C  defcripti,  ob  quoflibet  arcus  ISP  duplos  ip- 
forum  S  P,  indeque  dimidiam  circumfcripti  circuli,  cujus  diameter 
JE  A ;  id,  quod  confonat  infra  generah'ter  demonftrandis  Prop.  8. 

Prop.  VI.]  Ubi  ratio  a  ad  b  eft  tsqualitatis^  efficitur  Rbodonea  bi^ 
folioy  qua  nihil  aliud  eft^  quam  duplex  circulus  fubdupla  diametri  ad 
diametrum  circuity  qui  Rbodonece  circumfcribitur. 

Nam  ratio  2  ^  ad  j  erit  ratio  dupla,  ergo  ex  Prop,  quarta  mul- 
titudo foliorum  dupla  erit  unitatis:  &  fane  defcripto  circa  radium 
^£'  i;2.  F  C,  velut  diametrum,  femicirculo,  quoniam  ramus  Rhodoneae  C  I 
debet  in  hoc  cafu  asquari  fihui  ipfiulmet  arcus  A  D,  utiquc  pundutn 
I  ad  peripheriam  difti  femicirculi  pertinget,  adeoque  duplex  circu- 
lus, circa  radios  FC,  CV,  velut  diametros,  defcriptus,  erit  locus 
talium  rannorum,  id  eft,  Rhodoneam  ipfam  bifoliam  conftituet. 

CorelL  j.]  .Etiam  Ipc  conftat  Rhodoneam  bifolian>  dimidiam  efle 
circuli  circumfcriptti  atque  adeo  aequalem  unifoliae  RhodonesB  prie- 
cedenti3  propofitionis. 

Prop.  VII.]  ^uodlibet  folium  Rbodonea  eft  ad  quadrant  em  circular  em 
ut  a  ad  b. 

Duftis  eftim  radiis  infinite  proximis  CID,  CiJ,  &  duftis  finu- 

%•  »3>  14-   bus  G  H,  |[  i^  correfpondcntibus,  nempe  aequantibus  rambs  inter^ep- 

tos  C  I,  C  i,  dcfcriptoque  concentrico  arcu  I R,  patet  fore  elemen- 

tupi 
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turn  C I  i  femifolii  Rhodoneae  ad  clcmentum  G  H  bg  quadrantis, 
uc  i  arcus  I  R  ad  H  A,  co  quod  bafes  C f,  gb  trianguTi clementaris 
Ci\^  &  reftanguli  elementaris  gh  HG  aequentur,  ergo  duplum 
ipfius  CIi  ad  GHi&^  eft  uc  Integra  R  I  ad  Hi?,  nempe  in  ra- 
tione  compofita  ex  R  I  ad  Di,  &  Di  ad  G^,  &  Gg  ad  H  ^  ;  fed 
quia  G^  ad  H  i&  (ex  theoria  infinite  parvorum)  eft  ut  radius  Cj;ad 
bnum  g  b,  nempe  at  C  D  ad  C  I,  vcl  Di  ad  RI,  ratio  Gg  ad  H  b 
didit  aequalem  fibi  reciprocam  R I  ad  D  ^  -,  quare  fupereft,  ut  ra- 
tio ILl  2Ld  Hb  eadem  fit,'  quas  D J  ad  G g\  fed  haec  eadem  eft 
quae  a  ad  i,  cum  in  tali  ratione  fint,  tarn  A  D  ad  A  G,  quam  Ad 
ad  A  gj  adeoquc  &  refidua  eandem  rationem  fervent ;  ergo  R I  ad 
H  A,  five  duplum  elementare  fpatium  CIi  ad  elementum  quadrantis 
GUbg^  eft  in  difta  ratione  i  ad  b^  &hocfemper;  igitur  duplum 
femifblii  C I E,  nempe  integrum  folium  Rhodoneae,  eft  ad  quadran- 
tem,  ut  tf  ad  b\  Quod  erat,  6?r. 

Coroll.  I.]  Hinc  femifolium  C  I  E  ad  quadrantem  eft  ut  i  a  ad 
hj  (five  ut  a  ad  2  b. 

Coroll.  2.]  Item  fegmcntum  Rhodoneae  CIi  ad  femifegmentum 
drculi  A  gb  eft  in  eadem  ratione  ^  ad  2  ^. 

Prop,  VIII. ]  ^odlibet  folium  Rhodonea  medietas  eft  feStorh  cir- 
cularis  ftbi  circumfcripti^  £5?  integra  Rbodonia  /implex  medietas  circuit j 
duplex  duorumj  triplex  trium  circulorum^  &c. 

Nam  ex  prac.  quodlibet  folium  eft  ad  quadrantem  ut  a  ad  b^  1- 
deoque  ad  femicirculum  ut  ^ad  2^;  fed  ex  Coroll.  4.  Prop.  2.  femi- 
circulus  ad  fedorem  folio  circumfcriptum  eft  ut  ^  ad  ^  ;  ergo  ex 
sequo  perturbate  quodlibet  folium  eft  ad  circumfcriptum  fedorem, 
ut  *  ad  2  ^,  fcilicet  in  ratione  fubdupla ;  quare  &  omnia  folia  Rho- 
donesB  ad  omnes  circumfcriptos  fedtorcs,  id  eft  Rhodonea  fimplejc 
ad  circulum,  duplex  ad  duos  circulos,  triplex  ad  tres,  &c.  in  eadem 
fubdupla  ratione  erit. 

Jitter.  Numcrus  foliorum  ex  Prop.,  3,  eft  ad  unitatem,  ideoque 
Rhodonea  ipfa  ad  unum  folium  (R  eft  fimplex)  ut  2  ^  ad  ^ ;  led 
folium  eft  ad  quadrantem  circuli,  ex  prac.  ut  a  ad  bj  ergo  Rho- 
donea fimplex  eft  ad  quadrantem  circuli  ut  2  *  ad  b,  fcilicet  in  ra- 
tione  dupla  •,  quare  fimplex  Rhodonea  aequatur  femicirculo.  Similis 
difcurfus  Rhodoneis  duplicibus,  &  triplicibus  applicari  poteft  i  nam 
in  ilJis  numcrus  foliorum  eft  ad  unitatem  ut  4  ^  ad  j,  in  his  vero 

ut  6*  adtf,  &c.  1.  .   n, 

Coroll.  I.]  Quselibct  Rhodonea  fimplex  cuihbet  fimplici  Rho- 
donea cidcm  circulo  infcriptse  aqualis  eft,  quocunque  foliorum  nu- 
mero  conftet,   fempcr  cpim  aqualis  eft  fpatio  ejufdem  femicirculi. 

Coroll.  2.]  Item  quaelibet  Rhodonea  duplex  cuihbet  duplici,  & 
quaelibct  triplex  cuivis  triplici  aequalis  eft,  ob  ^andem  rationem  ; 
quippe  ilia  fpecies  eft  femper  circulo  aequalis,  haec  fcfquicirculo  •, 
&  ficdc    aliis-      Oportet  autem  in  duplici,    aut  triphci  Rhodonea 

com- 
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computare  fpatia  foHorum,    quas  fibi  fuperponuntur,   tanquam  di- 
ftinfta  effent. 

Prop.  IX.]  BifariamfeSloanfftlo  EC  A,  quern  axis  folii  Rhodonea 
cvm  tangetite  C  A  continet^  fer  re5lam  CD^  iS  ramo  C  I  defcripto 
arcu  cinulari  1ST,  erit  lunula  T  E I  quadrabiliSy  nempe  ad  qua- 
dratum  radii^  ut  a  ad  4.  b. 

Cum  fit  enim  quadrans  F  A  ad  A  E,  ut  A  G  ad  AD,  qui  eft 
F.^'.  13.  ipfiiis  AE  femiflis,  eric  AG  medietas quadrantis,  ergo  quadratum 
radii  C  G,  vel  C  D,  duplum  eft  quadrati  finus  G  H,  five  rami  C I ; 
ickoque  fcftor  S  C I  ad  feAorem  E  C  D  fimilem,  ut  i  ad  2  ;  kGtor 
vcro  E  C  D  ad  F  C  G  eft  ut  «  ad  ^  -,  haec  enim  eft  ratio  arcuum 
Y,  D,  G  F,  ut  eadem  eft  integrorum  E  A,  FA,  &  ablatorum 
AD,  AG  ;  ergo  ex  aequo  fector  S  C  I  ad  feftorem  F  C  G  erit  ut 
d  ad  2  b^  nempe  ut  femifolium  CI  E  ad  quadrantem  F  G  A  C,  vel 
uc  fcgmentum  Rhodonese  C I  ad  Tegmentum  A  G  H,  vel  ut  refiduum 
C  E I  C  ad  refiduum  F  G  H  C,  quare  etiam  reliquum  femifolii  S  E I 
eft  ad  reliquum  triangulum  G  H  G,  aut  tota  lunula  ad  quadratum 
C  H  G  P,  in  eadem  ratione  ^  ad  2  J,  &  ad  quadratum  radii  C  G, 
quod  prrcdicli  quadrati  eft  duplum,  eritut  a2LA^,b.  Quoderat,  &c. 

CorolL  I.]  Cilm  numerus  foliorum  Rhodoneac  fimplicis  fit  ad 
unicatem  ;  adeoque  etiam  fiimma  omnium  lunularum,  quas  integra 
peripheria  radio  C  T  defcripta  abfcindit,  ad  unam  lunulam  T  E  I, 
ut  2  h  ad  ^ ;  ipfa  vero  lunula  ad  quadratum  radii  ut  ^  ad  4  ^,  patet 
eflc  fummam  diftarum  lunularum  ad  quadratum 'radii  ut  2  ^  ad  4  ^, 
nempe  fubduplam ;  hoc  eft  fummam  talium  lunularum  aequare  qua- 
•dratum  ipfum  G  HC  P  quadranti  infcriptum. 

Corotl.  2.]  Unde  fiimma  lunularum,  ex  una  Rhodonea  per  dic- 
tam  pcripheriam  abfciflarum,  aequatur  fummae  lunularum  ex  quali- 
bet  alia  Rhodonea,  quotcunque  foliorum  fuerit,  eidem  circulo  in- 
fer ipta  fimiliter  determinatarum. 

Coroll  3.]  Cum  ejufdem  feftoris  EC  A  medietas  fit  tarn  femifo- 
lium EI  C,  quam  fedor  E  CD,  vel  E  DA,  nee  nonfedor  CSV, 
fiunt  fegmentum  Claequale  trilineo  EID,  &  femilunula  E  S I  tri- 
lineo  CIV  aequalis,  quod  proptcrca  erit  pariter  quadrabile,  utpotc 
ad  triangulum  C  G  H  in  data  ratione  ^  ad  2  i. 

CorolL  4.]  Et  fumma  horum  trilineorum  in  qualibet  Rhodonea 
pariter  ejufdem  erit  quantitatis,  utpote  fummse  lunularum  ejufdem, 
vel  cujufcunque  alterius  Rhodoneae  fimplicis  eidem  circulo  infcriptae 
femper   asqualis. 

CorolL  5.]  Adeoque  fi  ilia  triangularia  foliorum  Rhodoneas  inte;r- 
ftitia  pro    foliis  computentur,    flos  inde  totidem   foliorum  perfefie 
quadrabilisexurget,  utin/7g.  16. 
Fig,  16.  p^^p  X.  Ad  quodlibet  Rhodonea  punilum  I  tangent  em  ducere. 

-.  g         Faftum  jam  fit  -,    du6taque  ramo  I C  perpendicularis  C  M,  con- 
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vus  dcfcribatur  ufque  ad  alium  ratnum  C  i  infinite  proximum,  fmt- 
que  ramis  CI,  Ci  aequales  finus  GH,  gb^  &  circuli  tangens  GL 
occurrat  diametro  in  L.  Eric  ergo  I  C  ad  C  M  ut  /  R  ad  R  I, 
nempe  in  ratione  compofica  ex  i  R,  feu  g  O,  ad  O  G  (hoc  eft  g  h^  ^ 
vel  i  C,  ad  i&  L)  &  O  G,  five  H  by  ad  R  I  '(qu^s  ex  Prop.  7.  c(t 
cadem  rationi  b  ad  a)  quare  i  C  ad  CM  erit  in  ratione  compofica 
ex  i  C  ad  A  L,  &  ex  ^  ad  i»  ;  fed  eadem  ratio  i  C  ad  CM  com- 
ponitur  quoque  ex  f  C  ad  A  L,  &  i&  L  ad  C  M  ;  ergo  oportet  ra- 
tionem  b  L,  five  H  L,  ad  C  M  cffe  datam,  fcilicet  earn,  quae  b  ad 
tf,  ideoque  fi  fiat,  ut  b  ad  a^  ira  fubtangens  circuli  H  L  ad  C  M  ra- 
mo  C  1  perpendicularem,  junfta  M  I  erit  tangens  Rhodoneas  in 
pun^o  I;  Quod  erat  faciendum. 

CorolL  I.]  Si  fiat  a  ad  i,  ita  CH  ad  CN  ramo  perpendicula- 
rcm,  junfta  N  I  erit  curvas  Rhodoneae  norn>alis  ;  nam  quia  H  L 
ad  C  M  efl:  ut  i  ad  /?,  &  C  H  ad  C  N  ut  ^  ad  ^,  eric  H  L  ad 
CM  ut  reciproce  CN  ad  CH  ;  &  ideo  redangulum  MC  N  ae- 
quabitur  reftangulo  LHC,  id  eft,  quadrato  GH,  vel  quadrato 
rami  C  I  ;  ergo  junfta  N I  eft  tangenti  M  I,  feu  curvae  Rhodoneasj 
in  punSo  I,  perpendicularis. 

CorolL  2.]  Pater,  tangentes  angulorum  CIM,  &  L  GH,  vel 
G  C  A  femper  efle  in  data  ratione  a  ad  b. 

Prop.  XI.]  Si  fiat  ut  b  ad  a,  ita  radius  AC  ad  CQ^,  Of  femi- 
axibus  FC,  CQ^defcribatur  quadrans  ellipfis  F  VO  ,  erit  ejus  peri^ 
meter  aqualis  perimetro  femifolii  Rbodonea  EC  I,  (^partes  pariibus 
correfpondentibus.     (Vid.  Fig.  19,  20.) 

Eric  enim  ubique  etiam  G  P  ad  V  P,  vel  g  p  ad  «  p  in  eadem  ra- 
tione, quae  eft  A  C  ad  C  Q^,  id  eft,  ^  ad  ^ ;  quare  &  refidua 
GO,  V X  in  eadem  ratione  erunt.  Quod  fi  infinite  proximae  fint 
P  G,  j)  ^,  G  H,  g  i&,  &  correfpondentes  CI,  Ci  cum  arcu  infinite 
parvo  I  R,  quoniam  I  R  ad  H  i&,  vel  GO  ex  Prop.  7.  eft  uta  ad 
by  in  qua  etiam  ratione  erit  V  X  ad  eandem  G  O,  patet  ipfas  IR, 
V  X  scquales  fore ;  cum  ergo  &  fint  asquales  R  /,  V  X  Cob  aequa- 
litatem  quarumvis  CI,  GH,  vel  TV,  nee  non  Cf,  gb^  tu)  pa- 
cet  fubtenfas  quoque  I  ^  V  «  aequales  futuras.  Singula  igitur  ele- 
menta,  cum  curvae  Rhodoneae  feiC,  tum  ellipticas  F  V  Q^invi- 
ccm  aequanturj  quare  &  perimeter  femifolii  Rhodoneae  erit  qua- 
dranti  curvae  ellipticae  aequalis,  &  duo  quaelibet  folia  perimetrum 
habebunt  integrae  curvae  ellipfeos  aequalem ;  Quod  erat,  &c. 

CorolL  I.]  Patet,  Rhodoneam  efle  ellipfim  quandam  contradam; 
nam  fi  confluentibus  in  centrum  C  punftis  1 ,  /,  ordinatae  elliptici 
Hjuadrantis  V  T,  u  /,  in  ramos  abeant  a  centro  C  diduftos,  qua- 
drans ellipfis  in  femifolium  Rhodoneae  contrahetur,  eadem  curvse 
longitudine  manente. 

CorolL  2.]  Hinc  iterum  patet,  Rhodoneam  efle  medietatem  fe<fto- 
ris  circularis  circumfcripti ;  eft  enim  femifolium  E  I  C  medietas  qua- 
dranris  elliptici  F  V  Q  C,  in  qucm  expanderetur,  fi  rami  ab  eorum 
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centro  diflbliui  fierent  paralleli,  &  rcftae  C  Q^  perpcndiculares  ; 
cumque  quadrans  ellipfis  fit  ad  auadrancem  circularcm,  ut  bafis  QJC 
ad  bafim  C  A,  nempe  ut  a  aa  by  in  qua  etiam  ratione  eft  fcdlor 
E  C  A  ad  eundcm  quadrantem,  ex  Prop,  prima,  patet,  ejufmodi 
fcftorem  sequari  quadrant!  cUiptico,  ideoque  duplum  effe  infcripti 
foKi  Rhodoncje. 

Coroll.  3.]  Infuper  colligitur,  asquales  effe  foliorum  perimetros  in 
Rhodoneis,  quaruni  ratio  fit  reciproca,  &  radii  fuorjrn  circulorum 
in  cadem  reciproca  ratione  fibi  refpondeant ;  nam  fi  radius  C  F,  vcl 
E  C  Fig.  20.  aequaretur  bafi  ellipfis  CQ^  Fig,  21.  &  vicifli:!!  radius 
CF  iftius  sequaret  bafim  CQ^  ellipfis  alterius  Figura,  patet,  ean- 
dem  ellipfim  FV  utrobique  refulrare  debere,  quippe  iifdem  femi- 
axibus  defcriptam,  eamquc  fore  utrivis  folio  jfoperimetram,  exiften- 
te  ibi  ratione  a  ad  b,  hie  reciproce  b  ad  a.  Exempli  caufa,  fi  ra- 
tio tf  ad  ^  fit  fubdupla,  ut  juxca  Prop,  3.  hinc  proveniat  Rhodonea 
tetrafolia,  radio  autem  fubduplo  (adeoque  sequali  bafi  quadrantis 
ellipfis  ifoperimetrae)  viciffim  fiat  Rhodonea  juxta  rationem  duplam, 
quse  ex  Prop,  5.  unifolia  evader,  erit  hcec  ifoperimetra  uni  folio 
illius ;  nam  bafis  quadrantis  elliprici  huic  refpondens  bafim  habebic 
illius  radio  a^qualem,  adeoque  eadcm  curva  elliptica  utrivis  folio 
jfcqualis  oftenditur. 

Coroll.  4]  Si  vero  in  eodem  circulo  duje  Rhodoneae  defcribantur, 
altera  juxta  rationem  a  ad  i,  altera  juxta  reciprocam  b  ad  a,  peri- 
metros fuorum  foliorum  habebunt  ipfis  rationum  anteccdentibus  a, 
&  b  proportionates -,  nam  fi  primse  Rhodoneae  tertia  quaedam  Rho- 
donea fimilis  defcriberetur  in  circulo,  ad  cujus  radium  prioris  radius 
cffet  ut  a  ad  b,  effet  perimeter  primae  ad  perimetrum  tertiae  fibi 
fimilis  in  ipfa  ratione  radiorum  a  ad  b.  Verum  perimeter  hujus 
tertiae,  ex  Coroll.  prceced.  aequaretur  perimetro  fecundae,  utpote  re- 
ciproca ratione,  &  juxta  reciprocos  radios  defcriptae;  ergo  perimeter 
primae  ad  perimetrum  fecundae  eft  in  eadem  ratione  a  ad  b. 

Prop.  XII.J  Rbodoneam  dates  raiionis  a  ad  b  minoris  itKdqualitaiis 
ex  cornea  fuperficie  fecare. 

Fiat  ut^  ad  b,  ita  radius  bafis  NB  ad  latus  N  C  coni  rcfti  NCK, 
cujus  bafis  diametro  NK  fit  perpendicularis  radius  B  F,  Fig.  21. 
qui  fit  ad  BR  ut  J  ad  a,  &  circa  diamctros  B  R,  B  F  dcfcriban- 
tur  femicirculi  BLR,  B  S  F,  quos  fecet  quilibet  radius  B  G  in 
punftis  L,  S,  fitque  GH  diametro  NK  perpendicularis.  Sifiper 
circulo  BLR  erefta  fuperficies  cylindrica  intelligatur  fecare  conicam 
in  communi  feclione  C I  E,  erit  hasc  (in  planum  explicata)  ipfamec 
Rhodonea  propofitae  rationis.  Nam  communes  feftiones  cylindrical 
illius  fuperficiei  cum  planis  triangulorum  CBG,  CBF  per  axem 
coni  C  B  tranfeuntium,  erunt  redtae  L  I,  R  E  ipfi  axi  parallelae,  i- 
deoque  tam  CI  ad  B  L,  quam  CE  ad  B  R  erunt  ut  latus  coni 
ad  radium  bafis,  fcilicet  ut  i  ad  ^  ex  confiruilione,  five  ut  F  B  ad 
B  R,  five  S  B  ad  B  L  5  adeoque  CE  aequatur  B  F,    &  C  I  ^qua- 
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tur  B  S,  five  finul  G  H.  Explicata  autem  fuperficie  conica  in 
planum  fcftorem  circularem  ipfi  aequalem,  radio  C  N  defcriptum, 
ejus  angulus  planus  N  C  G  fubtendetur  eodem  arcu  N  G,  fubten- 
dcnte  in  bafi  coni  angulum  N  B  G  -,  adeoque  ut  B  N  ad  N  C,  five 
ut  a  ad  i,  ica  erit  angulus  N  C  G  ad  ipfum  N  B  G,  cujus  finui 
GH,  ut  vidimus,  aequatur  ramus  CI  folii  CIE,  cujus  maximus 
ramus  C  E  aequat  radium  B  F  circuli  bafis ;  quare  folium  ipfum  ad 
Rhodoneam  pertinet  in  data  ratione  a  ^d  b  defcriptam  ;  Quod  erar, 
&c. 

Coroll.  I.]  Cum  fit  etiam  C  E  ad  EO,  ut  CF  ad  F  B,  ut  b  ad 
a^  ut  F  B  ad  B  R  fintque  CE,  FB  aequales,  itidem  aequales  erunt 
BR,  E  O,  &  femicirculus  BLR  quarta  pars  erit  femicirculi  A  E P 
duplum  diametrum  habentis,  five  erit  medietas  quadrantis  A  E  O  ; 
eft  vero  (ex  noftra  Appendice  de  Fornicibus  conicis,  quam  Vivianeis 
fubjunximus  jam  inde  ab  anno  1698J  fuperficies  conica  AD  EC  ad 
fuam  bafim  A  D  E  O,  ut  fuperficies  femifolii  C I E  ad  fuam  ichnogra- 
phiam  BLR,  nempe  in  eadem  ratione  lateris  coni  ad  radium 
bafis  ;  ergo  cum  A  DEO  dupla  fit  BL  R,  &  fuperficies  A  DEC 
ipfius  femifolii  CIE  dupla  erit,  ut  aliunde  fupra  demonftravimus  fe- 
ftorem  folio  circumfcriptum  illius  duplum  efle. 

Coroll.  2.]  Cum  oftenfum  fit  efie  angulum  A  C I  ad  N  B  G,  uti 
&  A  C  E  ad  N  B  F,  in  data  ratione  a  ad  ^,  patet  etiam  in  eadem 
ratione  efle  angulum  reliquum  I C  E  ad  reliquum  S  B  F,  exiftente  (ut 
probavimus)  ramo  C  laequali  ipfi  B  S;  Ftg.  22.  undc  fi  femicirculi  CSE,  Fig.  22. 
in  arcus  concentricos,  centro  C  defcriptos,  refoluti,  arcus  quilibet 
PS,  /J  dividantur  ad  punfta  I,  i,  utfitfemper  PI  ad  PS,  /jad 
ps  in  data  ilia  ratione  a  ad  by  erunt  punfta  I,  i  fie  inventa  ad 
curvam  Rhodoneam. 

Coroll.  3.]  Imo  etfi  ratio  ^  ad  ^  majoris  fit  inaequalitatis,  adhuc 
Rhodoneas  ope  femicirculi  defcribere  licebit  generalius  quam  in 
Coroll.  2.  Prop.  5.  fi  arcus  P  S^  p  s  producantur  ad  punfta  I,  /,  ut 
fint  PI  ad  P  S,  pi  2id  ps  in  data  ratione  a  ad  b.  Fa£to  enim  arcu 
EAR  ad  quadrantem  EA  in  eadem  ratione,  duftoque  radio  CR, 
fiet  angulus  RCE  ad  AC  E,  ut  angulus  ICE  ad  angulum SCE, 
adeoque  &  reliquus  1  C  R  ad  reliquum  j  C  A,  cujus  finus  aequa- 
tur  C  J,  five  C  i,  in  eadem  ratione  erit  ^  ad  i  5  ideoque  pundla  I> 
i  funt  ad  Rhodoneam  datae  rationis. 

Coroll.  4.']  Et  fi  arcus  ill i  PS,  ps  in  femicirculo  defcripti,  turn 
dividantur  in  ratione  a  ad  J,  tum  augeantur  in  reciproca  ratione  b 
ad  ay  curvae  interioris  longitudo  ad  longitudinem  exterioris  erit  ut 
a  ad  by  per  Coroll.  4.  Prop.pracedentis. 

Scbolion.]  Verum  haec,  pro  inftituto  nofl:ro,  circa  hujufmodi  cur- 
vas  delibalfe  fufEciat :  quanquam  alia  etiam  Rhodonearum  fympro- 
maca  enucleare  in  promptu  eflet,  uti  &  alias  florum  fpecies  diversa 
gencfi  efformatas  exhibere  facile  foret.  Unum  hoc  admonere  non 
praetcrmittam,   quod  ex  certa  quadam  generali  foliorum  Rhodoneae 
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d^fcripnone  fimpHciflima  ex  circulo  derivata,  fufpicari  quls  nofr 
immerito  pofTer  etiam  prima  naturalium  Ibliorum  ftamina,  qua;  irr 
floris,  auc  iVi:ticis  femine  latent,  non  neceflarib  fimilia  cflc  folils  ip- 
fis  confpicuis,  &:  j:im  germinantibus,  five  adultis  ;  ficut  cnim  fi  flo- 
nini,  &  fnjti'ju:ii  folia  noftras  Rhodoneas  reipfa  imitarcntur,  poffct 
ijuis  concipere,  iJloriim  prima  ftamina  feminibus  ctijuflibct  fpcciei 
inclufi  fimplicifiima  circalari  figiira  infinite  parva  circumfcribi,  fed 
mox  peculiari  vi-  cujufliber  fingularis  fpcciei,  dum  germinant,  ica 
determinari  fucciim  niitritium,  ut  dum  in  longum  eorum  axis  cx- 
tcrtditur,  per  quafdiim  undas,  five  gyros,  ipfi  originifui  pcdunculi,ve- 
I'.it  centro,  circiimpofitos,  expandacur,  eofque  femper  in  detcrminata 
ratione,  vel  arftiorcs,  vel  ampliores,  quam  fi  circularis  primorum 
llaminum  figura  retinenda  eflet:  quo  pofito  talis  fpecies  foliorum 
Rhodonese,  ac  talis  numerus,  &  forma  exurgeret,  qualcm  ratio  ilia 
determinaret.  Ita  etiamfi  alia  lege  florum,  &  fruticum  frondcs  na- 
tura  moliatur,  non  neceffe  ^ft  earum  figuram,  ufque  ad  ipfa  prima 
earundem  ftamina,  ex  quibus  germinant,  obfervari ;  fed  ilia  in  qui- 
buflibet  unius  certa;,  ac  determinata;  figura;  efle  poflet,  quae  tan- 
turn  pro  diverfa  vi  determinantc  in  iplis  expanfionem  fucci  nutri- 
tii,  in  Cngulis  fpeciebus  varianda  foret,  juxta  diverfim  rationem, 
qua;  per  ipforum  ftaminum  fibras  dirigeretur.  Sed  ne  extra  chorura 
faltemus,  haec  Philofophis  innuifle  fufRciat. 

^extus  Pappi*  hoc  modo  Rejiituendus  videtur. 

IX.Two^eni'  Prop,  i.]  "  Si  duae  re&ae  lineae  in  duas  reftas  lineas  fibi  mutua 
ralPropoJitions  <(  occurrentes  vel  inter  fe  parallelas  ducantur,]  &  dentur  in  una 
^AL^T^^'Se-  ''  earum  tria  f  punfta  [vel  duo,  fi  refta  in  qua  funt,  parallela 
jferVbyMr.  '*  fuerit  alicui  ex  tribus  rcliquis]  :  caetera  vero  punda  praeter  u- 
Rob.Simfin.  ««  num  ||  tangant  reftam  pofitione  datam,  etiam  hoc  quoque  tanget 
N«>377. />.  (c  reftani  pofitione  datam.**  Hoc  autem  de  quatuor  tantnm  rec- 
^^^"  tis  dicitur,  quarum  non  plures  quam  duae  per  idem  punftum  tran- 

feunt.      In    quolibet  vero  propofito    redarum    numcro   ignoratur, 
quamvis  vera  fit,  hujufmodi  Propofitio. 

Prop.  2.]  *' Si  quotcunquc  reftae  occurrant  inter  fe,  nee  plures 
'*  quam  dua;  per  idem  punftum  -,  data  vero  fint  punfta  omnia  in 
*«  earum  una,  unumquodque  autem  pundlum  in  alia  tangat  reftam 
'<  pofitione  datam  •,"  vel  generalius  lie.  "  Siquotcunque  refta;  oc- 
**  currant  inter  fe,  neque  fint  plures  quam  duae  per  idem  punftum, 
*'  omnia  vero  punfta  in  earum  una  data  fint  5  reliquorum  nume- 
*«  rus  erit  numerus  triangularis,  cujus  latus  exhibet  numerum  punc- 
"  torum  redtam  pofitione  datam  tangentium  j   quarum  interfeftio- 

*  Videfii  Pappi  praBfationcm  lib.  7.  CoU.  Math.  Apolhnii  dc  Se£Uone  rationis  lib. 
duobus  a  ClarifT.  Uaileio  praBmi^Tam,  pag.  viii.  8c  xxxiv. 

t  Tria  punHa]  intcrfc^ionum  fc.  H  Tangant  reSam]  \.  e.  unum  punflum  tangjt 
unam  aliquam  re^am  pofitione  dataip,  k  aliud  tangat  aliaoi  pofitione  datam,  &r. 

"  num 
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*«  num  fi  nullje  trcs  exiftant  ad  angulos  trianguli  fpatn,  [nullae 
♦*  quatuor  ad  angulos  q<jadriJareri,  nullse  quinque,  Sec.  i.  c.  univer- 
^  fim,  fi  nulte  harurrv  intcrfcclionum  in  orberi  rcdeant]  unaquse- 
**  que  incerfeftio  reliqua  unget  pofuione  dacam. 

Propofitio  -prima  in   decern  dividitur  cafus,  monente   ipfo  Pappo, 

quorum  ejus,  in  quo  nulire  ex  quatuor  re<5tis  funt  inter  fe  paralJeJa?, 

ncque  redl-ae  poficionc  dacic  per  data  punfta  tranfeunt,  demonftra- 

tfoncm  hie  apponemus  -,    hie    enim   Cafus  inter  omnes  maxime  eft 

generalis,  ejufquc  demonftratio  fecund^  propofitionis  demonflrationi 

omnino  eft  necefuria.     Sint  igitur  quatuor  re^<B  A  B,  A  D,  B  H, 

C  E.      Et  data  ftnt  tria  punSla  interfetUonum  A,   B,    C    in  earum 

qualibety  reliquarum  vero  ijitsrfeSlionum  D,  E,  F,  UKa  D  tangat  rec 

tarn  G  K  pq/ilion^  datam^  alia  E  tangat  reSlam  H  K  pofuione  datum  \ 

tanget  etiam  reliqua  F  reElam  pofitione  datam.     Ducatur  per  F  refta 

M  F  parallela  ad  A   B,  quae  oceurrat  ipfis  H  K,  K  G,    C  E,    in 

M,  N,  O.     Qyoniam  igitur  data  eft  ratio  H  B  ad  B  C  dabitur  ei- 

dem  asqualis  ratio  M  F  ad  F  O^   &  quoniam  datur  ratio   A  C  ad 

A  G,  dabitur  eidem  sequalis  ratio  F  O  ad  F  N  •,  quare  datur  ratio 

M  F  ad  FN,  igitur  fi  jungatur  F K,  quas  oeeurrat  ipfi  A  B  in  L, 

dabitur  ratio  H  L  ad  L  G ;  &  datur  H  G  pofitione   &    magni- 

tudine  ;  quare  punftum'  L  datur,  &  datum  eft  punftum  K,  igitur 

K  L  pofitione  datur. 

Sit  igitur  H  L  ad  I*  G  in  ratione  compofita  ex  rationibus  H  B 
ad  B  C  &  A  C  ad  A  G,  &  jungatur  K  L,  erit  hajc  refta  quam 
tangit  punftum  F,  hoc  eft,  fi  ducatur  qua^vis  C  E,  pofitione  da- 
tis  occurrens  in  D,  E,  &  jungantur  AD,  BE  fibi  mutuo  occur- 
rcntes  in  F  ;  redla  erit  linea  quae  per  K,  F,  L  tranfit.  Nam  per 
F  ducatur  M  F  parallela  ipfi  A  B,  &  quoniam  ratio  M  F  ad  F  N 
compofita  eft  ex  rationibus  M  F  ad  F  O  &  F  O  ad  FN,  hoc  eft,  ex 
rationibus  H  B  ad  B  C  &  A  C  ad  AG,  ex  quibus  etiam  compo- 
nitur  ratio  H  L  ad  L  G  ;  erit  HL  ad  LG  ut  MF  ad  FN,  & 
igitur  H  G  ad  M  N,  hoe  eft,  H  K  ad  M  K  ut  HL  ad  M  F :  Quare 
reSa  eft  linea  quae  per  K,  F,  L  tranfit,  per  14.  i  aut  32.  G  • 
Elem, 

Explicaiio  2.  PropJ]  Obfervandum  hie  eft,  Numerum  interfec- 
tionum,  quae  in  una  refta  reperiuntur  in  quacunquc  propofita  mul- 
ticudine  reftarum,  quarum  non  plurcs  quam  rfua^  per  idem  punftum 
tranfeunt,  &  quarum  nullae  fijnt  inter  fe  parallela^,  unitate  minorem 
cflfe  ipfo  numero  reftarum  :  Nam  duae  in  unico  punfto  fe  invieem 
fecanc,  tertia  vero  dufta  priores  in  duobus,  quarta  priores  in  tribus 
punAis  fecat,  &c.  Et  igitur  numerus  interfeftionum  in  tribus  reftis 
eft  unitas  binario  aufta,  i.  e.  ternarius  5  numerus  eorundem  inr  qua- 
tuor rcftis  eft  ternarius  ternario  auftus  ;  in  quinque  vero  reAis  eft  ul- 
timus  prascedens  feu  fenarius  quaternario  auAus,  &c.  in  infinitum  \ 
Qui  numeri,  ut  manifeftum  eft,  triangulares  funt,  quorum  cujufque 
lacus    eft  numerus  interfe^Uonuni,    quas  ihyeniuntur  in  imaqualibet 

refta. 
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refta,  i.  e.  numerus  qui  unitatc  minor  eft  numero  omnium  refta- 
rum.  Igitur  fi  ex  hoc  numero  omnium  interfeftionum  dematur  nu- 
merus omnium  punftorum  datorum,  qui  idem  eft  cum  numero  in- 
terfcftionum  in  una  quavis  refta ;  reliquus  erit  adhuc  triangularis, 
cnjus  lacus  fc.  unicate  cjeficit  a  latere  prioris,  quod  exhibet  nume- 
rum  omnium  punftorum,  &  proinde  binario  minus  eft  numero  rcc- 
tarum  propofitarum.  Et  hie  eft  numerus  interfeftionum  quas  tan- 
gere  redam  pofitione  datam  Pappus  in  hac  Propofitione  requirit, 
quarumque  fi  nullae  tres  fint  ad  angulos  trianguli  ;  [nullae  quatuor 
ad  angulos  *  quadrilateri  &  ita  deinceps  5]  unamquamque  interfec- 
tionem  rejiquam  tangere  reAam  pofitione  datam  affirmat.  ^(Bau- 
tern  uncis  inclufa  funt^  textui  necejfitate  coaSi  adjecimus^  nam  fine  lis 
propofttio  vera  non  ejfet  extra  cafum  quinque  re£larum. 

Commode  vero  in  duos  cafus  dividitur  propoficio  ;  quos  etiam 
aperte  fatis  indicat  Pappus^  qui  Hypothefin  cafus  facilioris  propofi- 
tioni  hujus  generis  univerfaliflimae  fimul  &  elegantiflimse  pra^mittit. 

Cafus  I.]  Si  quotcunque  reStce  occurrant  inter  fe  nee  plures  quam 
duce  per  idem  punSlum  \  data  vero  fint  punSla  omnia  in  earum  undy 
unumquodcunque  autem  punSlum  in  alia  tangat  reffam  pofitione  datam  ; 
unaquceque  interfeSlio  reliqua  tanget  re£lam  pofitione  datam.  Sint  e- 
nim  quotcunque  rcftae,  ex.gr.  fex  A  F,  B  G,  C  H,  D  K,  EL, 
E  A  ;  &  data  fint  omnia  punfta  in  earum  una,  fc.  A,  B,  C,  D,  E  ; 
omnia  vero  punfta  in  alia  fc,  F,  L,  M,  N,  tangant  reftam  pofi- 
tione datam :  unaquasque  reliqua  interfeftio  tanget  pofitione  datam. 

Sumatur  enim  quaevis  ex  reliquis  ex.  gr.  O,  &  quoniam  quatuor 
funt  redlae  O  L,  O  N,  AN,  A  B,  &  data  funt  tria  punfta  in  una 
earum  fc  A,  B,  E,  reliqua  vero  praster  unum  O,  viz.  ipfa  L,  N 
tangunt  reftam  pofitione  datam,  tanget  etiam  O  pofitione  datam 
per  Prop.  1.  Eodem  modo  idem  de  omnibus  reliquis  oftendetur. 

Cafus  2.]    Cseteris  manentibus  jam  non  fint  omnia   puntSta    re* 

/£tam  pofitione  datam  tangentia  (quorumque  numerus  binario  minor 

eft  numero  reftarum  propofitarum^  in  eadem  refta,    fed  nulla  eo- 

«  rum  in  orbem  redeant ;  oftendendum  eft  reliqua  omnia  tangere  rec- 

tam  pofitione  datam. 

Lemma  i.]  Si  quotcunque  re£Ia  inter  fe  occurrant  neque  plures  quam 
duce  per  idem  punSlum^  &  fumantur  qucevis  reSlarum^  fit  vero  nu-^ 
merus  interfeUionum^  qui  conficitur  fumendo  duo  punSla  in  unaqudque 
>reEtarum  fumptarum  cequalis  numero  harum  reilarum  ;  pun5la  hac  in 
orlem  redibunt.  Nam  quoniam  funt  duo  pun6ta  in  unaquaque  refta, 
erunt  ad  minimum  tria  in  duabus  re£lis,  &  quatuor  in  tribus  &  ita 
rdeinceps  ;  femper  fc.  erit  numerus  pundorum  ad  minimum  unitate 
major  numero  reftarum  nifi  re(5bi  ultima  tranfeat  per  punftum  pri- 
mum  •,  i.  e.  nifi  reftas  in  orbem  redeant,  in  quo  folo  cafu  aequalis  e- 
rit  numerus  punftorum  numero  reftarum. 

*  Intclliguntur  etiam  hie  figurae  quarum  latcra  fc  mutuo  decuflant  Diagonalium  in- 
.flar,  asqoe  ac  esters. 

Lemma 
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Lemma  2.]  Si  quoUunque  relfa  inter  fe  occurrant  neque  flutes  quam 

due  per  idem  puHStum^  fumantur  vero  quelibet   ipfarum  inUrfeSfioneSj 

piorum  numerus  numero  omnium  reSlarum  aqualis  fit  \    vel  ha  ifiter- 

feffiones  omnes^  vel  earum  aliqua^    in  orbem  redibunt^  feu  invenientur 

ad  angulos  polygoni  vel  trianguli. 

Nam  tres  interfcftiones  trium  reftarum  funt  ad  angulos  trian- 
guJi  ;  fi  vero  fine  quatuor  reftse,  &  fumantur  quatuor  pundla,  una 
harum  ncccfrario  invenietur  in  unaquaque  refta  ;  quod  fi  in  una  ali- 
qua  ex  quatuor  reftis  unum  tantum  invcniatur  punftum,  tria  reli- 
qua  erunt  in  rribus  reliquis  redis,  &  igicur  ad  angulos  trianguli  : 
Si  vero  nulla  fuerit  refta,  in  qua  unum  duntaxat  punftum  inve- 
nitur,  erunt  duo  in  unaquaque  ex  quatuor  reclis,  &  funt  quatuor 
punfta,  ergo  per  Lem.  i.  lunt  ad  angulos  quadrilateri.  Et  mani- 
feftum  eft  fi  fuerint  quatuor  reftae,  &  fumantur  plura  quam  quatuor 
pundta^rnulto  lYiagis  aliqua  eorum  in  orbem  ralire. 

Sint  jam  quinque  reftas,  &  fumantur  quinque  interfeftionum  pun- 
fta, &,   fi   fuerit  aliqua  ex  reftis  in  qua  nullum  invenitur  pundlum 
ex  hifcc   quinque,  erunt  omnia  quinque   in  quatuor  reliquis  redlis  % 
Si  vero   fueric  aliqua  reda  in  qua  unum    duntaxat    invenitur  pun- 
ftum,  erunt  reliqua  quatuor  punfta  in  reliquis  quatuor  redtis ;    i- 
gitur  in    utroque  cafu   punfta  aliqua  erunt  ad  angulos  trianguli,  vel 
cjaadrilateri,  per  pragcedentem  cafum :    Si  autem  nulla  fuerit  refta 
in  qua  vel  nullum    vel    unicum    invenitur    punftum,   erunt  duo  in 
unaquaque  ex  quinque  reftis,    &  funt  quinque   punfta,    ergo    per 
Lem.  I.  funt  ad  angulos  quinquelateri.      Eodem  prorfus  ratiocinio 
oftcndetur  in  fex  reftis  &  ita  in  infinitum. 

In  Fig.  28.  funt  ofto  reftas,  &  ofto  fumuntur  punfta,  quorum 
quatuor  in  orbem  redeunt. 

Demonftratio.']  Hifce  praemillis  Propofitio  hoc  modo  demonftratur: 
Primo  lint  quinque  reftae  Ftg.  29.  AD,  AE,  BF,  CG,  DH,  &  demptisF/^.  29. 
pundtis  datis  in  una  reftarum,  viz.  A,B,  C,D,  reliqua  erunt  fex  punfta 
E,  F,  G,  H,  K,  L,  in  quatuor  reftis,  &  tria  horum  (nam  latus 
Humeri  triangularis  6  eft  3)  qua  non  funt  ad  angulos  trianguli,  a 
tribus  fc.  reftarum  propofitarum  content!,  ex.  gr.  E,  F,  G,  tan- 
gant  rcftam  pofitione  datam ;  oftendendum  eft  reliqua  cria  K,  H,  L 
ctiam  tangerc  reftam  pofitione  datam. 

Quoniam  igitur  funt  quatuor  reftae  A  E,  B  F,  C  G,  D  F,  & 
tria  interfeftionum  punfta  in  ipfis  fumantur,  viz.  E,  F,  G ;  eric 
una  aliqua  harum  reftarum  in  qua  neceffario  invenietur  unum  tan- 
tum ex  hifce  tribus  punftis  ;  nam  fecus  erit  vel  aliqua  in  qua  nul- 
lum eft  punftum,  &  proinde  erunt  tria  punfta  in  tribus  reliquis 
reftis,  i.  e.  ad  angulos  trianguli  contra  Hypothefin  j  vel  erunt  ad 
minimum  duo  punfta  in  unaquaque  quatuor  reftarum,  &  igitur 
quatuor  efient  ad  minimum  punfta  ;  fed  funt  tantum  tria  *,  quare 
necefie  eft  effc  aliquam  reftam  in  qua  unum  tantum  invenitur  punc- 
tum :  Sit  hsec  refta  A  E,  in  qua  fc.  eft  punftum  E,  ergo  reliqua 

duo 
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duo  F,  G,  funt  in  reliquis  tribus  reftis  B  F,  CG^  D  F ;  igitur, 
qijoniam  dantur  tria  punfta  B,  C,  D,  reliquum  punilum  L  in  iftis 
tribus  re£tis,  tangic  re^am  poficione  datam  per  Prop.  I.  Sumacur 
nunc  G  E,  refta  fc,  ex  hifce  tribus  quae  tranfit  per  pundlum  E  in 
qiiarta  refta,  &  omnia  punfta  in  hac  rc<5Va  G  E  tangent  pofitionc 
datam.  Quare,  per  cafum  primum  hujus  propofitionis,  reliqua 
pun6la  K,  H  tangunt  redtam  pofr«ione  datam. 

Sint  jam  fex  reft^  A  E,  A  F,  B  G,  C  H,  D  K,  EL;  &  demp- 
'^'  ^^*  tis  quinque  datis  pundtis  A,  B,  C,  D,  E,  quae  funt  in  una  redarum, 

reliqua  erunt  decern  punfta  F,  G,  H,  K,  L,  M,  N,  O,  P,  Q^  in 
quinque  redis  -,  &  ex  Hypothefi  quatuor  horum,  quae  non  in  or- 
hem  redeunt,  tangunt  redam  pofitionc  datam  ;  fint  hae,  F,  G, 
H,  K  ;  &  oftendendum  eft  reliqua  fex  L,  M,  N,  O,  P,  Q^  tangere 
redtam  pofitionc  datam. 

Quoniam  igitur  fumuntur  quatuor  punfta  interfeftionum  F,  G, 
H,  K,  in  quinque  reclis  A  F,  B  G,  C  H,  D  K,  EL;  erit  una 
aliqua  reda  in  qua  unum  tantum  ex  hifcc  pundtis  reperitur  ;  nam 
fccus  crit  vel  aliqua  in  qua  nullum  eft  pundtum ,  &c  proinde  qua- 
tuor pundta  erunt  in  quatuor  reliquis  redlis,  &  igitur  aliqua  corum 
in  orbem  redibunt  per  Lem.  2.  contra  hypothefin :  vel  erunt  duo 
ad  minimum  pundba  in  unaquaque  quinque  redbarum,  &  ita  effenc 
quinque  ad  minimum  pundla ;  fed  funt  tantum  quatuor,  quare  ne- 
ccfle  eft  efle  aliquam  rcdtam  in  qua  unum  tantum  invenitur  punc- 
tum  ;  fit  hasc  A  F  in  cjua  fc.  eft  pundtum  F  5  ergo  reliqua  tria 
G,  H,  K  funt  in  reliquis  quatuor  redlis  B  G,  C  H,  D  K,  E  L, 
&  dantur  pundta  B,  C,  D,  E  ;  ergo  per  primam  partem  hujus 
demonftrationis  reliqua  tria  pundla  in  his  quatuor  redb,  fc.  L,  P, 
Q^,  tangunt  rcdtam  pofitionc  datam.  Sumatur  nunc  B  F,  redla 
fc.  ex  hifcc  quatuor,  quae  tranfit  per  pundtum  F  in  quinta  redta  ; 
&  omnia  pundta  in  hac  redta  B  F  tangent  redta  pofitionc  datam  : 
Quare  per  Caf.  i.  hujus  Propofitionis  reliqua  pundta  M,  N,  O 
tangunt  rcdtam  pofitionc  datam.  Eodem  prorfus  modo  demonftra- 
bitur  Propofitio  in  feptcm,  odto,  &c.  redtis  in  infinitum,  utpa- 
tet. 

Quod  autcm  conditio  uncis  inclufa  in  hac  propofitione  omnino 
fit  neccflaria,  patet  in  his  duobus  exemplis  ;  idem  vcro  univcrfa- 
liter  praecedentium  ope  demonftrari  potcft. 

His  adjecit  Clariffimus  Profejfor  Porifmata  duo  fequentia  primi  Li- 
bri  Porifmatum  Euclidis  afe  quoqMc  explicata  fcf  emendata  *. 

Porifma  i.]    Si  a  duobus  punSis  datis  infle£lantur  dues  relfa  ad 
replant  pofttione  datam^  abfcindat  auiem  earum   una   a   reSla  pofitionc 
data  fegmentum  dato  in  ed  punSo  adjacens^  auferet  etiam  altera  ab  alia 
re£ta  fegmentum  datam  habens  rationem. 
^^i' 31^  Sint  cnim  duo  pundta  data  D,  C,   a  quibus  ad  pofitionc  datam 

A  B  infledtantur  D  B,  C  B  ;  quarum  una  D  B  abfcindat  a  pofitionc 

data 
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data  E  F  fegmcntum  K  M  adjacens  daro  punfto  M :  Oftendendum 
eft  alteram  CB  auferre  ab  alia  quadam  refta  fegmcntum  datam 
habens  rationem  ad  ipfum  KM. 

Junda  C  D  occurrat  pofitione  datis  AB,  EF  in  A,  F  punftis, 
quae  proinde  data  crunt.  A  punfto  K,  in  quo  inflexa  B  D  occurrit 
ipG  E  F,  ducatur  K  H  parallcla  ad  A  D,  &  occurrcns  alteri  in- 
flexae  B  C  in  H,  ipfi  vcro  B  A  in  N.  Quoniam  igitur  dantur 
pundta  A,  t),  C,  dabitur  ratio  AD  ad  DC,  &  igitur  ratio  NK 
ad  K  H  i  quare  fi  jungatur  E  H  occurrcns  ipfi  A  D  in  G,  dabitur 
ratio  A  F  ad  F  G  ;  fed  datur  A  F,  quare  &  F  G  datur,  & 
pundum  G ;  &  datum  eft  E,  quare  E  G  pofitione  &  magnitu- 
dinc  datur  ;  &  datur  E  F,  quare  ratio  E  F  ad  EG  datur  ;  & 
duda  M  O  per  datum  pundum  M  parallella  ipfi  A  D»  &  occur- 
rcns E  G  in  O,  dabitur  M  O  pofitione,  &  ideo  punftum  O  ;  & 
propter  parallelas  M  O,  F  G,  K  H  eft  M  K  ad  6  H,  ut  E  F  ad  - 
E  G,  quae  funt  in  dau  ratione.  Igitur  reda  B  C  aufert  a  reda 
E  G  pofitione  data,  f^mentum  O  H  dato  punfto  O  adjacens,  in 
data  ratione  ad  fegmcntum  M  K.   \^  JE.  D. 

Componctur  vcro  ita,  fiat  A  F  ad  F  G  ut  A  D  ad  D  C,  & 
junfta  E  G,  per  M  ducatur  M  O  parallela  ad  AD;  oftendendum 
eft,  ii  a  pundis  D,  C  inflcftantur  ad  A  B  quasvis  DB,  CBabfcin- 
Aaites  ex  ipfis  E  F,  EG,  fcgmcnta  M K,  OH  punftis  M,  O 
adjaccntia,  fore  ipfa  in  data  ratione  E  F  ad  EG,  leu,  quod  idem 
eft,  cffe  junftam  H  K  parallelam  ipfi  A  D  ;  hoc  vero  videtur  o- 
miffiim  faiflc  ab  Euclide^  utpote  quod  tribus  verbis  indiredle  de- 
monftrari  poflit;  Pappus  autem  in  Lem.  i^.  ad  Porifmata,  duas 
direftas  gufdem  demonftrationes  aflert,  quarum  fecundam,  quae  pau- 
lulam  eft  corrupta  apud  Comman^numy  hie  fubjungemus  integritati 
fojB  reftitutam. 

Vid.  Pap.  Lib.  J^fol*  229*  pag. prior. 

Per  Compojitam  vero  proportionem  boe  paSo: 

Quoniam  eft  ut  A  F  ad  F  G  ita  A  D  ad  D  C  {VU.  Ftg.  Papp. 
¥oL  238.  pag.  poft.  vel  Fig.  noftr.  31.;  convertendo  crit  ut  G  F  ad 
FA  ita  CD  adDA,  &  componendo,  pcrmutandoque  &  conver- 
tendo ut  A  D  ad  DF  ita  AC  ad  C  G.  Sed  proportio  A  D  ad 
D  F  compofita  eft  ex  proportionc  A  B  ad  B  E,  [&  £  K  ad  K  F, 
&  proportio  A  C  ad  C  G  compofita  eft  ex  proportionc  A  B  ad 
BE]  &  proportionc  EH  ad  H  G-  Proportio  igitur  compofita  « 
AB  adBE&EKadKF  eadem  eft,  quae  componitur  ex  A  B 
ad  B  £  &  E  H  ad  H  G.  Communis  auferatur  ratio  A  B  ad  B  E, 
rcliqua  igitur  EK  ad  K  F  eadem  eft  quae  EH  ad  HG  j  quare 
HK  ipfi  A  G  parallela  eft. 

Porifma  2.]  Quod  pungtumdllud  tangit  reSam  pofitione  datam. 
Vou  VL  M  Si 


.  8  2  Trinomial  Hyperbolical 

Si  a  duobus  punftb  datis  C,  G  {Fig,  32  J  ducantur  duaf  rcftas 
CB,  GD  occurrences  duabus  reftis  poficione  datis  A  B,  ED,  fit- 
que  refta  DB  pun6ta  interfcftionum  jungens  parallela  ipfiXG, 
quae  per  datum  pundum  ducicur,  interfeftio  K  duftarum  cangec 
reftam  pofitione  datam. 

Occurrant  enim  pofuionc  datae  fibi  mutuo  in  H,  &  junfta 
K  H  occurrat  C  G  in  F  &:  B  D  in  M.  Igitur  propter  parallelas 
eft  A  E  ad  E  F  {ut  B  D  ad  D  M  hoc  eft;  ut  C  G  ad  G  F  •,  & 
igitur  A  E  ad  C  G  ut  E  F  ad  GF,  datur  itaque  ratio  EF  ad  GF, 
&  datur  E  G,  quare  punftum  F,  &  datur  pundtum  H,  quare  H  F, 
poficione.  Sit  itaque  ut  A  E  ad  E  F  ita  C  G  ad  G  F,  &  junda 
H  F  eric  rcfta  quam  tangit  punftum  K  ;  hoc  eft  duAa  quaevis 
GD,  occurrens  ipfi  FM  in  K,  erit  refta  linea  quae  per  CKB 
tranfit,  nam  ^ft  D  B  ad  D  M  ut  A  C  ad  E  F,  hoc  eft  ex  con- 
ftruftione  ut  CG  a^d  GF,  quare  DB  ad  CG  (ut  DM  ad  GF 
hoc  eft  ut)  D  K  ad  KG,  &  igitur  eft  CK  B  refta  linea. 

Pappus  idem  aliter  demonftrat  in  Lem,  2  quod  hoc  modo  debet 
legi:  fc.  Ducatur  per  G,  {Vid,  Fig.  Pap.  Fol.  239.  pag.poft.  velFi^. 
Fig.  32.  noftr.  32.)  redta  linea  G  L  parjdlela  DE,  &  Jundta  H  K  ad  L 
producatur.  Quoniam  igitur  eft  ut  A  E  ad  EJF  ita  CG  adGF, 
&  permutando  f  A  E  ad  C  G  ut  E  F  ad  G  F]  ;  ut  autem  A  E  ad 
CG  ita  eft  EH  ad  GL,  *  quod  duse  duabus  funt  parallelae.  Ut 
igitur  E  F  ad  F  G  ita  E  H  ad  G  L,  atque  eft  E  H  parallela  ipfi 
G  L,  ergo  redla  linea  eft  quas  per  H  K  L  F  tranfit. 

XI.  Tbi  Giw  XI.  N.  B.  Curva  Hyperbolica^  de  quorum  quadraturd  hie  agitur  ab 
rslSts^rature  Erud.  AuEtore^  dd  unum  quafi  genus  reducuntur^  ex  comrnum  qua 
^^perhlical  f/^^^^  proprietote.  Ad  hoc  enim  genus  refer  tur^  omnis  curoa^  cujus 
Curve!,l^Mr. 0^^^^^^  datum  efficit  reSlangulum  cum  reRa^  quae  ex  trihus  partibus 
Sam.Klingcn-neceffario  diverfis  &  ordine  genitis  f^«/?i/«i/i/r.  Diverfae  partes  ejfe 
^ern.'No^iy.iftfelliguntur^  qua  ex  diverfis  ahfciffa  poteflatihus  quomodocunque  oriun^ 
'•+*•  tur\  Ordine  autem  genitae  funt,  fi  modo  ab  imd  adfummam  potefla^ 

tem  aquis  gradibus  afcendant. 

Species  igitur  determinantur  ac  definiuntur  ex  gradibus  Potefiatum 
determinaiis  £s?  definitis. 

Primas  Of  ftmplicifftmas  bujus  generis  (ad  quas  etiam  cetera  omnes 
ultimo  reducuntur)  Neutonus  ipfe  primus  ex  datis  Circuit  6?  Hyper-- 
bola  areis  dimenfus  eft. 

Cotefius  deinie  plures  effe  hujus  generis  Species:^  etiam  in  infinitum 

(Secundum  ordinem  determinatum)  progredientes  detexity  qua  ad  eandem 

quadrature  formam  ac  priores  ifta  &  fimpliciores  reduci  foffint. 

lifdem  veftigiis  inftftendo  D.  Moivraeus  Theorema  Cotefianum   ulte^ 

\  ,rius  promovity  ad  inventionem  radicum  aquationum  1'rinomialiumy  idque 

•  ^od  iua  duabus  funt  faralUU,  fc.  A  E  ad  D  B,  &  G  L  ad  D  £,  undc  eft  A  E 
ad  DB  ut  EH  ad  DH,  &  cftDB  ad  C  G.  (ut  D  K  ad  K  G,  i.e.)  utDH  ad 
L  G  )  ergo  per  22  5.  eft  A  E  ad  C  G  ut  £  H  ad  G  L. 

adbibendo 
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adbibendo  arcum  circuit  determinata  magnUudinis  vice  circumferentia 
Mius.  §uo  invento  omnes  bujus  generis  Species  inter  fe  commenfura- 
biles  ejfe  fecundum  rationem  quadrature  fua  Jlatim  perfpexit^  Metho^ 
dumque  tradidit  in  exquijitis  fuis  fcriptis  Mifcellaneis  nuper  editiSj 
qua  perveniatur  ad  quadraturam  uniuscujusUbet  forma  ex  datis  Cir- 
culi  6?  Hyperbola  quadraturis. 

Ds.  Klingens.  in  Propofttione  fua^  qua  fequitur^  in  unum  collegit 
quicquid  de  quadraturis  curvarum  bujus  generis  antehac  a  prioribus  in- 
ventum  fuit.  Verum  tamen  ita  collegit  non  quaji  fint  varia  forma 
fiib  una  genere^  fed  quafi  una  fit  eademque  forma  generis  ipfius.  Tbeo- 
rema  duplex  ejtj  quatenus  quadratura  referat  ad  aream^  vel  citra^  vel 
ultra  ordinatam.  Exbibetur  in  ipfts  aquationis  terminis  fine  reduilione 
out  reflriHione.  Inftituitur  fecundum  Cotefii  doSlrinam^  ufurpando 
menfuras  Angulorum  fs?  Rationum  pro  areis  Circuli  6?  Hyperbola. 
Traditur  fine  demonfiratione^  utpote  cujus  Veritas  facile  innotefcat  ex 
Propofitionibus  Moivraeanis. 

Propofitio.]    ^adrare  curvansy    cujus  abfciffa  eft  z^  t3  ordinata 

•  d=l» — » 

cz  m 

,  ubi "  defignat  numerum   quemlibet^    r  (^  n 

numeros  quoflibet  integros  tS  primos  inter  fe^    Of  denominator  a*'»  da 

a*^^  b  z^  +  z*^  non  poteji  refalvi  in  duos  faStores  binomios. 

In  circumferentia  circuli   (Rg.  33.)   centre  quovis  O  intervallo  Fig.  33. 
0  R  =  a  defcripta  applicetur  chorda  R  T  =  ^,  cui  parallelus  duca- 
tur  radius  O  P,   ita  quidem  ut  arcus  P  R  fit  quadrante  major  (1 
habcatur  H- i>  minor  vero  fi  habcatur — b.    Incipiendo  inpundo 

I  III       II   III     III  IV     XV    T 

R,  fumantur  ordine  tot  arcus  RR,  RR,  R  R,  R  R,  RR,  (^c.  arcui 


r 

PR  squales,    quot   unitates    continet   fraftio    — ,    &   a   punftis 


R,  R,  r\  Ry  R,  (^c.  ducantur  totidcm   reftae  R  r,  RV,  R  "'» 
R  Vj  R  r,  6?^.    radio  O  P  parallelae  &  redtse  O  R  occurrentes  in 

I       II      III     iv      V 

punftis,  r,  r,  r,  r,  r,  £2?^.  Deinde  dividatur  arcus  PR  in  tot 
partes  squales  quot  funt  unitates  in  numero  n^  quarum  ilia  quas 
punfto  P  adjacet  fit  P  A.  Fado  initio  in  punAo  A  dividatur  in- 
tegra  circun/erentia  in  tot  partes  aequales  A  B,    B  C,  C  D,    D  E, 

M  2  ^r. 
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(Jc.  qaot  font  unicaccs  in  n  j  fumcaque  in  radio  O  P,  produfto  fi 


2      « 

71 


opus  ultra  P,  abfcifla  O  S  =:  /j.  — ^^ ,  jungantur S  A,  SB,  S  C,  SD, 


SE,  i^c.  ut&OA,  OB,  OC,  OD,  O  E,  6fr.  Deniaue  fuman* 
tur  arcus  PAj,  PB*,  PCr,  PDJ,  PE^,  6?f.  qui  fine  ad  ar- 
eas PA,  PB,  PC,  PD,  PE,  6f^.  uc»  +  r  ad  unitatem,  &  a 
puniftis  a,  i,  Cj  dj  ^  fcfr.  ducantur  turn  reftae  tfa,  *i3,  ry,  ^</|» 
^  I,  6fr.  parallclae  radio  O  P  &  occurrentcs  reftae  O  R  in  pundis 
a,  13,  y,  A  f,  tff.  tarn  etiam  reftae  ^  i,  ^2,  ^  3,  ^4^  ^5»  ^^• 
prioribus  normales,  &  reftse  Q^6,  quae  ad  R  O  ducatur  perpcn- 
dicularis,  occurrences  in  punftis  i,  2,  3,  4,  5,  £s?r. 
His  faftis  area  curvas  cujus   abfcifla  eft  2  &  ordinata 


XT  c 


tf  * » =fc /J « — » i>  %  •  4- z  * " 


-,  erit 


in 


u  tf 


»  +  I 


r;       '^        RV        "^ 

X  — I —  X  ^— 

r — ^»     .2'        r  — 2;/       2; 


XII 

SJI  T^     lit 


i X  — 


r— 3  8      2 


J  • 


R 


r; 


—  X- 


r  —  4«      zl         r  —  5»     z 


5» 


_    ,  &?r. 


—  tfa(SA:AO)— flI(^-SAO)- 
-  M  (S  B  :  B  0)+  *  2  ( -f-  S  B  O) 
-cy(SC:C  0)+  r  3  ( +  S  C  O) 


c      n 

H ^  in>^ 

»  y+^«/»(SD:DO)— J4(— SDO)\ 

.4-^  f  (S  E :  EO)+ ^  5  (  ~S  E 0> 


Et  area  curvae  cujus  abfcifla  eft  z  &  ordinata 


rZ  n 


dh  a  "— *  Jz«4-z** 


-,   cnt 


nc    —  JHu 

z     '  in 


fia*+' 


r 

R 


[ 
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It         III 


Rr'       4    rv     ^*    R";     2 

X  — 1 X— I   H X  — 


r 


■x— X— 1 ,  6ff. 


^^ ^a(SA  :  AO)  — ^i  (H- ASO)-^ 

+  -a     '  in<--^y(Sf^   ••CO)-f.r3(-|-CSO)). 

«  )-i-dd^(SD  :  DO)  — ^4(— DSO)t 

C-f-^«  (SE  :  EO)H-^5(— ESO)J. 

Harum  arearum  prior  adjacet  abfciflse  ad  ordinatam  terminatac, 
pofterior  vero  abfciiiae  ultra  ordinatam  produclx.  Signa  autem 
quantitatum    has  cxprefliones  ingrcdicntium   ica  dcterminantur :    i. 

I         II        III 

Re6bc  R'»    R  V,  R'",    (^c.  afficiuntur    fignis  affirmativis,    fi  a 

I      It     III 
punffis    circumferential    R,  R,    R,   tendunt  fecundum  direftionem 
O  P,  ne^tivis  vero  fi  ab  iifdem  punftis  fecundum  dircftionem  con- 
trariam  PO    procedunt.      2   Moduli  rationum  a  ay  ^ /3,  ry,  Ofr. 
figna  habent  affirmativa,  fi  a  punftis  Uy  bj  r,  6fr.   tendunt  fecun- 
dum dire£bionem    OP,   negativa    fi  fecundum  conirariam.      3.  E 
centre  circuli  O  cadat  in  chordam  RT  normalisO  H.     Et  moduli 
angulorum  a  ly   i  2,  ^3,    C^c.  fignis    gaudebunt  affirmativis    fi    a 
pundis  tf,  by  Cj  (Sc.  tendunt  fecundum  direAionem  H  O,   negativis  • 
fi  fecundum  contrariam.     4.  Producatur  radius  P  O  donee  circum- 
fcrcntiae  dcnuo  occurrat  in  />,  &  anguli  SAO,  S  B  O,  SCO,  tfr. 
ut  &  A  S  O,  B  S  O,    C  S  O,   6fr.    fumi  debent  affirmative  fi  ex- 
ifhint  in  fcmicirculo  fuperiore  P  R/>,  negative  fi  in  inferiore.     Et 
fecundum  has    regulas  figna  quantitatum  quibus  areas  exprimuntur 
noftrx  figuras  accommodavimus.  vn  c«.  »  ,, 

of  finding  Citrves, 

XII.SoiuTio.]  Curvarumj  quaproblenuUi  cotweniunty  quacun^uefunuh  ^^^aa^/ln- 
tur  ordinatOyillius  fiuxiofecunda  ab  ejufdemfluxione  prima  aivifa{utfermone  tainMamtrinam 
mthmeticorum  utar)  eandem  dot  auotientemy  fed  contrario  ftgnoy  acfluxtofe-  '^l^fjctllb^ 
(unda^  afiuxione  prima  divifa  orMnata  ex  dterd  princifii  ^fcijfa  parte  ja-  '^  <"""  ^"^^' 


86  A  Trohlem  relating  to 

eentiSj  &  aJ  eandem  ab  eo  principio  diftantiam  *•     Hujufmdi  autem 
curves  inveniri  fojfunt  tribus  regulis. 

Prima  regula  curvam^  qualem  problema  requiritj  opefpatii  byperh^ 
lici  a  curvd  quacunque  deducit^  qua  habeat  ad  aquales  dtftantias  a  prin- 
cipio fua  dbfcijfa  ordincUas  aquales,  fcf  ab  eddem  parte  abfcijpe  pojitas. 
Eft  enim  ordinata  curva  quafttcBy  ut  area  alius  curva  ordinatam  ba- 
bentis  cequdemfegmento  ajympioti  hyperbola  tertfunato  afpatio  byperbo- 
lico  aquali  area  curva  primi  ajfumpta. 

Regula  autem  (ecund^ pendel  a  prima^  6?  curvamproblemaii  fatisfacien^ 
tern  fine  opefpatii  byperbolifi  ex  curvis  derivatj  qua  habeant ad  aqualia 
intervalla  a  principio  fua  abfcijfa  ordinatas  aqudeSy  fed  a  contrariis 
partibus  abfcijfa  pfit as. 

Et  hacfecunda  regula  tbeoremafequens prabet,  nimirumyfi  aliqua  curva 
fumatur^  qua  problema  Jblvi  pojftt  per  regulam  prima^  i^  ft  bujus  ordinata 
infifiunt  abfciffa  ad  perpendiculum^  invenietur  curva  problemati  fatisfa- 
cienSy  ft  ad  eandem  abfciffam  conftruatur  alia  linea  curva^  ed  legCj  ut 
illius  ordinata  ex  altera  parte  abfciffa  ubique  aqualis  fit  aggregalo 
affumpta  linea  curva  6?  ejufdem  ordinata ;  exceffui  autem  bujus  cur- 
va pra  ordinata  fua  aqualis  fit  unaquaque  curva  conftruenda  ordi- 
natay  qua  ex  altera  parte  ahfciffa  jacet  5  omnes  enim  curva  bac  ra- 
tione  conftruSa  problemati  conveniunt. 

Hoc  autem  tbeorema  demonjlratur  propofitione  fequentiy  quod  in  omm 
triangulo  reSlangulo  quadratum  ab  alterutro  latere  angulo  re£lo  adja- 
centi  aquale  eft  reStangulo  fub  fummd  alterius  lateris  angulo  re£lo  ad- 
jacentis  latertfque  angulo  ei  fubtendentisj  i^  fub  differentia  eorundem 
laterum. 

'Dcniquc  ttriid.  derivatur  afecunday  ope  prop.  g.  libri  de  quadraturd 
curvarum  Ncutoni. 

Scholium.]  Exemplum  generale^  quod  exbibuij  curva  logarilbmica^ 
.  0?  cyclois  plurimis  modis  inveftigari  poffunt  bis  regulis. 

Unus  cafus  curva  logarithmica  commode  invenitur  per  regulam  pri- 
mam^  q/fumptd  lined  reStd  loco  curva  in  ilia  regula  memorata. 

Alter  bujus  linea  cafus  deducitur  ex  regula  fecundd  ope  fpecieiquinquagefi- 
ma  nona  linearum  tertii  ordiniSy  qua  omnium  curvarum  in  Hid  regula  utili^ 
um  eft  fere  fimplicifftma  prater  parabolam  cubicami^  hyperbolam  conicam. 

Cyclois  optime  invenitur  theoremate^  quod  a  regula  2  da  deduci  dixi- 
mus. 

Exemplum  iftud  generate  facile  invenitur  regula  tertid^  aliis  vero  regulis 
non  fine  ambagibus. 

Regulis  fecunda  t?  tertia  commodifftme  inveniuntur  curva  geometrice  ra- 
tionales \  qua  deducuntur  etiam  atheoremate  in  regulam  fecunaam  pendente  \ 
quandocunque  enim  curva  affumpta  tam  longitudinem  quam  ordinatam  ra^ 
tionalem  babety  cujufmodi fimplicifftma  eft  parabola  femicubica^  curva  quo- 
que  invenienda  ordinata  rationalis  erit. 

♦  Scilicet,  fi  abfcifla  a  fuo  principio  in  oppofius  partes  «qualibu8  momcHtis  flait. 

Denique 
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Ditnque  bis  regulis^  vel  etiam  conditione  in  frincipio  pofitd  facile 
tf  utvenire^  an  curva  diqua  fnrpofita  prableviaii  fatisfaciet^  ^  qui- 
hs  fofuionibus  id  fiet :  unde  intelligi  poteji^  an  eadem  curva  diverfts 
mMs  prohlemati  conveniat. 

Horum  brevem  explicationem  jam  apponatn,  defcribendo,  ex  a* 
inici  charta,  problematis  fequentis  foludonem. 

Probicma.J  Datis  duabus  lineis  reSlis  AB,   CD  (in  Fig,  34.)  pa-pig.  34. 
rdUliSj  ad  abfcijfam  A  B  curva  E  F  defcribenda  eji^  quit  talis  fit y  ut 
a  fitu  inverfo  ad  abfcijfam  CD  dcfcripta  feipfam  fempcr  interfecet  in 
agulo  quolibet  data. 

Ad  abfciflfam  C  D  defcribantur  cunrae  G  H,  K  L  fimiles  &  ae- 

quaies  curvae  E  F,    quarum    altera  huic  curvas   E  F    occurrac   in 

pundo  quolibet,  1,  altera  vero  per  punftum  M  tranfeat,  ut  partes 

£  M,  K  IVl   curvarum  £  F,  K  L  fimiles  fint  &  aequales  ;    &  per 

pnndutn   ^1^,  quod  partes  curva;  £F   dirimit,    quae  fe  mutuo  in- 

terfccare  dcbent,  ducantur  lineae  N  M  O,    n  M  o,    quas  cum  reftis 

AB,  C  D    angulos  fub  NOB  &  fub  C  N  O,    item  angulos  fub 

n  0  A,    &  fub  o  n  D  conftituant  ei  aequales,  in  quo  curva  feipfam 

fecarc  ponitur.     Ducatur  I  P  T  S  lineis  A  B,  C  D  parallela ;  item 

huic  proxima  &  parallela  j  x  p  t  s  ;  deinde  ducatur  I  v  lineas  N  O 

parallela,  &:  denique  I  w,  S  y  parallelas  lineae  n  o,   ut  angulus  fub 

Iw]  asqualis  fit  angulo  fub  I  v  x.    Jam  anguli  fub  Ixw  &  fub 

V\v,   fimul  fumpti  aequalcs  erunt  angulo    fub   x  I  M,   ideoque  & 

angulo  fub  I  w  v  sequales  ;    unde  angulus  fub    x  I  w   aequalis    erit 

c\  fub  I J  V  ;  &  eodem  modo  angulus  fub  j  I  v*,    ei  fub   I  x  w  ae- 

cpialis  invcnictur  ;    adeo   ut  triangula   Ij  v,  x  Iw  funt  fimilia,  & 

j v:  1 V  : :  I  w:  w  x.     Porro  pro   abfciffis    a^qualibus   MP,    M  T 

fcribatur  z,  pro  ordinata  PI,  y,  &  —  v    pro  ordinata  T  S,  pcr- 

tioentc  ad   curvas  K  L  arcum  K  M,    qui  arcui  E  M  cunras  E  F 

refpondet.     Crefcentibus  autem   abfciflis  MP,   M  T,  &  fimul  in  * 

crdfcendbus  ordinatis    PI,    TS,    earum   fluxbnes   primae    eadem 

habebiinc    fiigna    cum    iuis   ordinatis,     fed^  utrasque  fluxiones    fe- 

condas  idem  habebunt   fignum ;    nam  fluxio  fecunda  unius  ordina- 

tas  idem  habebit   fignum   cum    fua  ordinate,   fed  alterius  ordina* 

ta:   fluxio   fecunda    fignum    habebit    a  figno  fuae   ordinatae  diver- 

fum;  propterca quod  curvarum  KM,  M  F  alterius  concavitas  ver- 

fus  convexitatem  alterius  convertitur,   Ut  manifeftum  eft.     His  au- 

tern  cc^ids  invenietur  j  v  :  I  v  ('^Pp)  : :  y :  2?,  I  w  (=  T  t) :  wx 


•       • 


(=sy)::  2:  —  v,  &y  :  2:  :2: — v,   item  — y  v=2:*,  &  deni* 
•  ••••«•  •••       ••• 

que  pofitA  %  invariabili  — yv  —  yvs=o,  velyv-4-yv=:o,  ideo- 

••  •  •  '  ■         ^ 

y  V  .. 

que  —  = — ,  quandoy  &  y  ad  curvamEF,  fedv&v  adcur- 

y  V  \  vam 
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yam  K  M  pertinent.  Idem  vero  locum  quoque  habet,  quando 
omnes  has  Huxiones  ad  curvam  E  F  referuntur,  fi  abfcifla  in  oppo- 
fitas  partes  a  fuo  principio  fluere  ftatuitur  ;  nam  fumpta  M  Q 
=  M  P,  &  Mq  =  Mp,  duftifoue  Q^R,  qr  ad  A  B,  CD  paral- 
lelis,  punfta  R,  r  in  curva  EF  punftis  S,  s  in  curva  KM  re- 
fpondent.  Ponendo  igirur  abfciffam  in  contrarias  partes  a  fuo  prin- 
ciple sequalibus  momentis  fluere,  C/zrv^n/w,  qute  prohlemati  conve- 
niunt^  quacunque  fumatur  ordinata^  illius  fiuxio  fecunda  a  fiuxione  pri- 
ma divifa  eandem  dot  quotient em^  &c.  ut  fupra.  Hxc  auteni  cur- 
varum  qusefitarum  conditio    eft,   unde  deducuntur  regulas  (equen- 

tes  ad  problematis  folutionem. 

•  • 

Kegula  I.]  Cum  requiritur,  ut  M Q^cxiftente  =  MP  fit  — pro- 


V 

portionalis ,  quando  abfcifla  in  oppoficas  partes  a  pundo  M 

V 

aequabiliter  fluit,    ita  ut   ejus    fluxioni  in  partibus  abfciflas,  quae  a 
contrariis    lateribus  punfti  M  jaccnt,   figna  diverfa  tribuenda  fint. 


ponere  licet  —  =  ;z.du£tx  in  quantitacem  quamcunque,   quae  ea- 


dem  maneat,  &  fub  eodem  figno,  pro  eadem  magnitudine  s,  five 
fig.  3j.  ilia  affirmativa  five  negativa  fit.  Defcribatur  igitur  (in  Fig.  «.) 
ad  abfciflam  NO  curva  quaelibet  KL,  cujus  ordinatas  angulum 
quemcunque  datum  cum  abfcifsa  conftituant,  &  quae  habeat  eas 
ordinatas  aequales,  &  ab  eodem  latere  abfciflae  N  O  pofitas,  quae 
aequaliter  diftant  a  pun&o  M,   ut  ordinatae   P  W,  Q^  X  ;  deiixle 

••  « • 

fiat  — ordinatae  PW  x  z  proportionalis,   & — ordinatae QXxz. 

%v36.  Jam  (in  Ftj.  36.)  exponatur  hyperbola  YZ  ad  afymptotos 
r. A,  r  8,  angulum  fub  O  F  A  angulo  dato  fub  K  P  W  aequalem 
comprehendcntes,  defcripta,  &  in  alterutra  afymptoto,  ut  r  i^,  fu- 
matur  ad  libitum  punaum  a,  &  ducatur  A  S  alteri  afymptoto 
r  O  parallela^  &  parallelogrammum  r  S  compleatur :  deinde  in 
curva  K L  ad  abfciflam  NO,  &  ad  punftum  M  ordinatim  appfli^ 
jcetur  M-IIi  fumatur  fpatium  hyperbolicum  AB  T2>  re£ba  ST  a* 

fymptoto 
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fyij^ptoto  re  parallcll  abfciflum,  aequalc  fpatio  ,WPMn,  &fiat 
P*  =  rS,  clquc  rationc  defcribatur  curva  c^^Oa;  dico  JPI 
ainrae  quadTitaB  ordinatam  cffe  ut  fpatium  M  P  <D  *.  Hoc  autem 
manifcftum  eft  ;  fluxio  cnim  fpatii  M  n  W  P  scqualis  eft  fluxioni 

• 
fpatii  ASTX,    ideoque  PWxz  =.  fluxioni  liqeae  rs  duftae  in 

TAxAH 
ST  vd    in  ;    crit  igitur   PW  xz  ut  fluxio  lineae   r  2 

rs 

y 
five   lincas  P  <I>  per  ipfam    P  <ft  divifa  ;    fed  P  W  x  z  eft  ut  — ; 

•  • 

undc  erit  P  4)  x  2  ut  y,  &  neceflario  y  five  P I  ut  fpatium  M  P 
4>*.  Prima  igitur  regula  curvam^  qualem  problema  requirity  ope 
fpaiii  byperbolicu  &c.  ut  fupra. 

In  cxemplum  hujus  regulae  loco  curvae  K  L  (in  Ftg.  35.)  fumatur  Fig.  ^5. 
linca  rcfta  lineae  NO  parallela,  &  erit  linea  a>^<I>n  ea, 
(pe  logarithmica  ^icitur,  cui  N  O  afymptotos  eft ;  ideoque  & 
linea  E  F  etiam  logarithmica,  per  pundhim  M  tranficns,  &  afymp- 
toton  habens  lineae  N  O  parallelam  ;  propterea  quod  area  M  P 
0 ^ hie  erit  ut  P <D  —  M *  *.  Si  vcro ordinatse  % u^,  ^ay ducan- 
tur  sequaliter  diftantes  a  punfto  M,  ordinatseque  M  '9  proxima?, 
crunt  f  n>  a  j3  aequales  quando  primum  nafcuntur,  quoniam  fpatia 
t^i^  M,  M  ^  7  A  tunc  a&qualia  lunt ;  ex  oftenfis  autem  eft  i  q  x  a  3 

=  M«'   vel  MaS   undefu  =  Mf,  &«)jad  ut  radius 

ad  finum  anguli  fub  N  M  ¥.    Quoniam  igitur  P  I  femper  eft  ut 

NS^MPO 

ipatium  *  M  P  O,  erit  P  I  ubique  ad  ut  radius  ad  fi- 

M* 

num  anguli  fub  N  M  * ;  &  denique  limes  ordinatarum  negativa- 
nim  ad  fpatium  totum  comprehenfum  a  parte  *•«  lineae  logarithmi- 
ca m  *^  O  ab  ordinata  M'^^  &  ab  afymptoto  M  O  ad  ordinatam 
M  *  applicatum  ut  radius  ad  finum  anguli  fub  N  M  *  :  eft  autem 
rcftangulum  fub  M*  &  fub  lineae  logarithmicas « * n  fubtan- 
gente  ad  fpatium  pracdiAum  etiam  ut  radius  ad  finum  anguli  fub 
NM^:  adeo  ut  limes  ordinatarum  negativarum  lineas  curvs  E  F 
squalls  erit  huic  fubtangenti  \  unde  fi  ^  M  retro  producatur  ad  c/^, 

*  Vid.  Barror.  Ledlioo.  Geometr.  p«  123. 

Vol.  VI,  N  ut 
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ut  M (A  huic  fubtangcnti  fit  arqualis,  &  ducatur  MX  line sc  N O 
parallcla,  eric  ilia  curvae  E  F  afymptotos ;  crit  autem  curvac  hujus 
E  F  fubtangens  lineac  M  </*  asqualis ;  propterca  quod  M  r=  eft  i  n; 
TJnus  igitur  cafus  curva  logaritbmica  commode  iftvenitur  per  regulam 
primam^  Src.  ut  fupra. 

Hasc  autem    regula  primum  oftendic  modum  quo  problema  folvi- 
tur. 

Regula  fecunda.]  Defcribatur  curva  quaecunque  x  M  jut  per  punc- 

^'k'  35»  37-  turn  M  tranfiens  in  Fig.  35.  vel  x  n  c,  m  p  fx  in  Fig.  37.  ubi  curva 
invenienda  duobus  cruribus  e  M  F,  EMf  conftat;  ut  curvarum 
xMfx,  &xnc,  mpfx  ordinatae  ut  P  v,  Q^g,  quae  aequaliter  a  pundta 
M  principio  abfciflae  diftant,  fint  aequales,  icd  a  contrariis  parti* 
bus  abfciflae  poGtae,  ita  ut  mutato  abfciflae  figno,  ordinatae  fignum 
etiam  mutetur. 

Fi^'  38.  Exponatur  porro   (in  Fig.  38 J  hyperbola    aequilatera  a  b  cujus 

axis  tranfverfus  a  g,  conjugatus  h  q^  centrum  d,  afymptoti  d  r,  d  s  -, 
fumatur  d  t  =  P  v,  &  ducatur  t  v  w  ad  h  q  perpendicularis,  junfta 
d  w,  fumatur  quoque  d  x  =  M  n,  &  ducatur  x  y  item  redae  lineae 

F^g'ZS'         h  q  perpendicularis,   junfta  d  y.     Jam  fit  curva  KL  (in  Ftg.  35.) 

Ftg.37'  vel  Kk  LI  (in  Fig.  37.)  talis  ut  fpatium  nMP  W  aequale  fie 
fpatio  a  d  w,  fi  curva  x  /m  per  pundum  M  tranfit,  aliter  sequale  fpa- 
tio  daw  —  day-,  hac  enim  racione  curvas  K  L,  &  K  k  L 1  non 
definent  conditionem  habere,  quae  in  regula  priori  requiricur,  nempe 
ut  ordinatae  ad  aequales  diftantias  a  pundo  M  fint  aequales,  &ab 
eadem  abfciflae  parte  pofitas.  Nam  area  hyperbolica  a  d  w  a/fir- 
mativa  efi:,  quando  d  t  vel  P  v  eft  affirmativa,  &c  eadem  area  ne* 
gativa  efl:,  quando  dt  vel  Pv  negativa  eft,  quia  area  tota  hyper- 
bolica ab  eidcm  parte  lineae  h  q  jacet  ;  ideoque  area  ctirvarum 
K  Ly  K  k  LI  ad  ordinatam  Mn  terminata  fignum  fuum  muta- 
bit,  quando  •  abfciflfa  M  P,  magnitudine  fervata,  fignum  mutat ;  & 
curvas  ordinata  nee  magnitudinem  nee  fignum  mutabit,  mutatione 
figni  abfciflk.  Sit  porro  ad  f  =  parallelogrammo  r  H  in  hyper- 
bola priori :  quo  efficietur  ut  t  w  +  t  v  fit  ad  ad  ut  r  2  ad  r  A 
♦ ;  fi  igitur  FA  fiat  =  ad,  erit  tw-f-tv  =rS  =  PO.  Porro 
ducantur   ordinatae  i ij ^,  afiy  ordinatas  M  ^  proximse  *,   deindc  in 

-^'iT-  35-  Pig'  35-  ubi  curva  «^Q  fimplex  eft,  cum  s  n  fit  ad  a  (3  uc  fpatium 
M^^i  ad  fpatium  M^ya,  erit  tn=a^\  unde  &  earum  utra« 

que  =  M  f  =r  M  a.      Ideoque  i  ij  ad  ut  radius   ad  finum 

m^<dp 

anguli  fub  N  M**",  &  ubique  PI  ad in  eadem  rations 

•  Vid.  Philof,  Tranfaa.  N^  338.  prop.  4. 

In 
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I"  -'^^  37-  ^^  cunra  wvj/'^'aex  duobus  cruribus  compofita  eft, /V^.  37. 
in  eft  ad  a3  ut  fpatium  '♦'M*^  ad  fpatium  4/May  five  qc 
M**"  ad  M^|/,  propterea  quod  M«  =  eft  Ma.  Cum  igitur  ne- 
ccffe  fir,  ut  t  fl  X  a  3  =  fit  M  §7,  fcilicet  ut  crura  M  F,  M  E  in 
angulo  propofito  fe  mutuo  interfecent,  crit  ratio  f  d  ad  Mi  fubdu- 
plicato  rationis  iq  ad  aC  vel  fubduplicata  rationisM^  ad  M-sJ/: 
ideoqile  tn  ad  fpatium  Mi^^i  applicatum  ad  mediam  proportion- 
alem  inter  M  ^,  M  %}/  ut  radius  ad  finum  anguli  fub  N  M  ** ;  & 
generadm  P  I  ad  fplitium  M '«'  ♦  P  applicatum  ad  mediam  pro- 
portionalem  inter  M^  &  M-4/  in  eadem  rat'ione.  EftautemM?r 
=  y  x-+-dx,  &  M>J#=iyx — dx,  &  ad  media  eft  proportio- 
nalis  inter  yx4-dx&yx  —  dx-   Undc  utrobique  diftis  a  d,  a\ 

dt  vcl    Py,    R-,   erit    P<I>=:i/ ^  ^ -f-  RR  H-R;   Kz=i\  a  x 

To       T  MPo^ 

;  &  P  I  ad  ■  ut  radius  ad  finum  anguli  fiib 

NM'*'.     Repila  igitur  fecunia  pendet  a  frimi^  6?  cnrvam  prohlema- 
ii  fatisfacientem  fine  ope  jpatii  byferbelui^  &c,  ut  fupra.     Nam  hie 
fine  fpatio  hyperbolico  curra  invcnitur,  cujus  quadratura  problema 
folvitur. 
Duae  autcm  funt  in  hac  regula  formulas.    Formula  prior  nimirum 

P  ♦  =  \/  aa  +  RH  +  R,  curvarum  geometrice  rationalium,  quae 
mazime  hie  requiruntur,  inventioni  accommodatur ;  facile  enim  eft 
ita  fomere  quantitatem  indeterminatam  R,  ut  curva  uf'^O  qua- 
draturam  admittat. 

m 

Nc  cafu5  magis  compofiti  memorentur,  ponatur  R  vel P  f  =  cz^ , 
utmSzff  numeii  fint  impares  vel  inter  le  primi,  vel  eorum  alter 
unitas  :  hac  enim  ratione  curva,  cu)tts  ordinata  eft  P  y,  conditionem 


habcbit   in  hac  regula  necel&riam,    &   crit    P#  =  i/^^H-KK 


m                                   — 2f» 
Si  igitur  —  +  i  fit  vel  numero  aequalis,   vel  ejufdem  mul- 

n  n 

liplex,  id  eft,    fi  fumatur  w=— ri,    &»  numero   cuilibet  imparl 


r'       

xqualis ;   pars  qfdinatae  z'v^rr-h^tfz    "    -f-fK'fub  vinculo 
utdnfa,  ideoque  &  ordinata  tota  qoadraturam  admittet  *. 

*  Vid.inTn&  de  quadr«  curv.  Newton,  tab.  curv.  iimpUcior.  quae  quadrari  poiTunt. 

N  2  Vcrbi 
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m 


Verbi  causS,   ponatur  —   =  — f,   r=i,    &  P#  =  z"*'f 

n 


4r^ 

v^  I  +  ^^23  +  2""  5,     Unde  erit  area  M  *  ♦  P  = 


aa 


I 


»|i  +i!!. 


4-izN  &PI  = -I-  %  *'*  H ,    curvaque  quaefita  hac 

a  a  ^  a 


aquationc comprehcndctur ^x  Plf  —  32;^xPI  = H -f- 

+az*.    In  hac  aequatione  cum  zi  fignum  non  mucabir» 

mutatione  figni  abfciffa  z ;  pro  eadem  ipfius  magnitudine  tarn  ne- 


negativa 

Pg.  39,         mam  hie  appofitam  (in  Ft^.  39.) ;  c  tribus  conftans  cruribus  a  b  c, 
d  e,  d  f  punftis  b,  d  asquahter  a  punfto  M  diftantibus ;  quippc  eft 

I  I 

Md  =  Mb= — :  quando  enim  eft  2;  =  o,  eritPIj= —  j  &P  = 
^3  a^ 

1 

5fc— . 

a^ 

Haec  autem  regulae  hujus  formula  prior  fecundum  exhibet  curvas 
quotas  inveniendi  modum.  -.«.-___^ 

P*  a 

•     In  formula  pofteriori,  cum  R  fit  =  i  ax ^   R  vel 

tf  P# 

Pw  ejufdem   ma^nitudinis  manebit,    fed  fignum  mutabit,    quando 
abfciffa  magnitudinem  fuam  figno  mutato  rctinet,    fi  P  ♦  talis  fu- 

P«  a 

matur,    ut  mutando  abfciffae  fignum convertatur  in  ^  8c 

^  P* 

a  P* 

contra  ut convertatur  in .    Et  hac  formula  pofterior  tcr^ 

P»  a 

iium  continet  problema  folvendi  modum. 

c  —  z 

Verbi  causS,  fit  P  #  =  tf  x ,  quando  z  cff  affirmativa,  & 

c+  z  eric 
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€ — z      c-hz 

crit  R  vd  P  V  eodcm  tempore  =  i  tf  x ,  quando  autcm 

r-f-2     c  —  z 

c^z 
fc  n^aava    eft,   fiet   P*=tfx ,    &  R  vcl  Q^e=|tfx 

c  —  a    ' 


c-r-z     c  —  z  ^lacz 

.    Hinc  autem  R lequalis  crit  ,   ic  Kzz  zip 

c — z     r-f-2  cc — zz 

2aczz=:ccRi  ideoque  curva  x  M  fx  linca  tcrtii  ordinis,  imo  fpccics 
earum  quinqua^efima  nona;  propterca  quod  asquacionis  ^  r  R  R + 
aacc^^o  radices  funt  impoffi  biles  *.  Linea  autem  curva  hinc 
iavcnicnda,  fi  fiat  (ini^/g.40)  NM  vel  MO=f,  logarichmica  eft,  Fig.^Q^ 

c — z. 
cm  reAa  A  B  eft  afymptotos.    Com  enim  P  *  fit  =  /i  x ,  erit 


ac  az. 


cadcm  = .    Si  igitur  (in  /w.  41.)  in  rcfta  linel  qua-  r- 


cunque  a%  fumatur  a)t=OM=r,  &  ei  ad  perpendiculum  eri- 
gantur  a p>  xfx  quarum  k /m  fie  =;i^,  &  fi  afymptotis,  at,  a  0  per 
pundum  fi    defcribatur  hyperbola  ^1)9   &  lumpta  xy=MP  =  ;c» 

ac 
duacur  yp  afymptoto  aS  paralkla^  parti  ordinatas  Pt  re- 

ipoodetarea,  quas  erit  adaream  xfipy  ut  finus  anguli  fiib  N  PI 

az. 

ad  radium,   &  alteri  parti  ejufdem  ordinatse  refpondet  area, 

c+z. 

qose  crit  adjxxv  —  Hfxev  ^  e4dem  ratione  f*     Unde  P  I,  quat 

MP#* 
eft  ad  ut  radius  ad  finum  anguli  fub  N  M  ^if-,   erit  = 


*  Vid«  Newton.  Enmnerat.  linear,  tert.  ordin.  ad  Fig.  63. 
t  Vid.  Newton,  de  quadr.  curv.  tab.  cttnr.  fimpl.  quae  cum  circ.  &  byperb.  compar. 
poffiint,  form.  prim. 
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^ -f-xu.   -Si  igitur  fumatur  Or  =  OM,    &  ducatur  rM 

a 

ordinatae  PI  retro  produftae  occurrcns  in  ;^,    ut  fit  P;^  =  PM 

2  X  jx  ( ir 

=  xy,  eric  j^  I  = :  idiioque  linea  MI  logarithmica,  cui  AB 

a  

afympcotos  eft,  &rM  ordinatim  applicata,  efficiens  cum  arvmpeo- 
co  A  B  angulum  fub  A  r  M  verfus  contingentem  sequalem  aimidio 
anguli  fub  AON.  Alter  igitur  bi^us  linea  cafus  deducitur^  &o  ut 
fupra. 

Magis  generatim,  fi  r  ordinatam  cunrae  alicujus  denotat,  quae  in- 
ftar  curvarum  X  M  jut,  &  x  n  c,  mp/ui  ad  abfciflam  NO  dcfcripta 
ordinatas  habeat  aequales,  quae  aeqtialiter  diftant  a  punfbo  M,  fed  a 
contrariis  parcibus  abfciflas  pofitas,   poni  poceft  ordinata  P*  =  ^  x 


'b:=^cr-hdrrz^er^'-\'6cc.xf^^^^^c^^^^ 
l,dcicr'hdrr:±:er^'h6cc.  x/THp^hSEcl^  x  b:±zkr'i-lrr=tz&cc.f^ 


'\ 


Ex  priori  hujus  regulae  fecundae  formula  deducicur  quoque  theo- 
retna,  cujus  fupra  fit  mentio,  ad  inveniendas  curvas  tarn  rationales 
utile,  quod  quartus  erit  modus  problema  folvendi. 

Theorema.]  Quoniam  eft  P*  =•  ^tf-f- RR  +  R,   &  R  =  P^^ 

R        Pv 

maniFcftum  eft,   fi  —  vet  —  fit  ut  fluxio  ordinate,    quas  abfciflfe 
a  a  

Tuae  ad  perpendiculum  infiftat,  ailicujus  curvae,  erit ,  ut 

a 

ejufdcm  curvae  fluxio  ;  curvae  autem  hujus  ordinata  aequalis  erit 
areae  curvae  xfxad  /i  applicatae,  fi  angulus  fub  MPv  rcdlus  fit, 
.jp/^.  3^.  37.  &  cum  area  curvarum  (in  Fig.  35,  37.)  >t  M  /ut,  &  h  n  c,  m  p,u  co- 
dem  figno  aificiatur,  tam  quandoabfciffaeft  affirmativa,  quamquan- 
do  eft  eadem  negativa,  quoniam  areas  ad  divcrfae  abfaflas  partes 
in  illis  diverfis  cafibus  jaccnt  •,  &  prasterea  cum  cifdem  abfeiflas  mag-- 
nitudinibus  areae  aequales  refpondeant,  curvae,  quales  problema  re- 
quirit,  inveniri  poflunt  curvarum  ope,  quarum  ordinatas  ad  eafdem 
abfcifiae  masnitudines  as(juales  fint,  &  ab  eadem  abfciflTae  parte  po- 
fitas,  fi  modo  ordinatas  mfiftunt  abfcifias  ad  perpendiculum. 
Dcforipta  fit  ejufmodi  curva  no,  quas  tangat  abfciflam  inpun<5bo 

m: 
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\^  (ut  in  Fig.  42.)  fi  cvancfcat,  quando  abfciflk  eft  z=  6,  fluent  Fig.  42. 
quanticas  fluxioni  longitudinis  curvae  n  o  refpondens  ;  alitcr,  ouae 
habeat  ordinatam  primam  M  m  (ut  in  Fig.  43,)  aequalem  magnitu-  p.  . 
dini  fluenris  iftius  quancicatis,  quando  abfcifla  eft  z;=  o.  Erigantur 
ordinatas  P  p,  Q^^q  \  deinde  erit  P I  curvae  quaefitae  ordinata*  quae 
ab  altcrii  parte  punfti  M  jacet,  vcl  =  M  p  -+-  P  pj  vel  =  M  m  p 
+  P  p ;  ordinata  autem  Q^^R,  quae  ab  altera  parte  pundti  M  ca- 
dit,  vcl=Mq  —  Qjq,  vel  Mm  q — Q^q. 

Obfervandum  autem  eft  hoc  theorema  aliquando  partem  duntaxac 
curvae  quaefitae  dcfcribere. 

Ex  ratione  autem,  qua  hoc  theorema  inveftigatur,  manifeftum  eft 
duo  crura  curvae  hie  defcriptae  ejufdem  lineae  effe  partes:  nimtrum 
utriuique  naturam  eadem  a?quatione  definiri.  Hanc  autem  curvam 
in  fitu  inverfo  difpoHtam  fe  interfecare  in  angulo  asquali  angulo 
fub  NOB  inde  manifeftum  eft,  quod  redtangulum  fub  fluxione 
p  I  &  Alb  fluxione  Q^R,  ordinatarum  fcilicet  aeoualiter  a  punAo 
M  diftantium,  aequale  eft  quadrato  fluxionis  abfciflae :  fi  enim  cur- 
ve n  o  ordinatae  w  r,  x  t  apph'centur  ordinatis  Oq,  P  p  proximas, 
&  Px,  Qw  Gnt  aequales,  &  ducantur  rs  t  v  aWciffae  NO  paral- 
lels, erunt  triangula  p  t  v,  a  r  s  reflangula  fimilia  8c  aequalia  :  in 
mnii  autem  triangulo  reSangulo  quadratum  ah  alterutro  latere  angulo 
reSo  adjacenti  emde  eft  re^angulo  fub  fiimmd  alterius  laieris  angulo 
rc8o  adjacentis  iaterifque  angulo  ei  fubtendentisj  ^  fub  differentia  eo- 


'% 


fundem    laterum.       Igitur    tv   =.Px=:pt4-pvxpt  —  pv 


=  ptH-pv  xqr— qs:  eft  autem  ultima  ratio  Pxadpt+pv  ea, 
quam  fluxio  abfciflae  habet  ad  fluxionem  ordinatas  P  I  ;  &  ratio 
Px  vcl  Qw  ad  qr — qs  ea,  quam  fluxio  abfciflae  habet  ad  or- 
dinate Q^  fluxionem.  Unde  conftat  propofitum.  Regula  igitur 
fccunda  theorema^  &c.  ut  fupra. 

Jam  fi  n  o  fit  circuli  circumfcrentia,  linea  E  F  cyclois  erit,  quan- 
do  angu'us  fub  NOB  vel  fub  N  PI  redhis  eft.  Porro  fi  curvae 
n  o  longitudo  cum  redla  conferri  poteft,  quarum  curvarum  fim- 
plicifiima  eft  parabola  fcmicubica,  curva  inventa  rationalis  erit. 
Speciatim  parabola  femicubica,  fi  rite  difponatur,  ejus  curvae  par- 
tem dimidiam  cxhibebit,  quam  in  exemplum  formuiae  prions  rc- 
gulae  fecundae  delincavimus  5  fcilicet  (in  i%.  39.)  crus  d  e,  partem- jr;  .q 
que  inferiorem  be  cruris  a  b  c.  Reliquae  autem  lUius  partes  dc- 
fcribi  poflunt,  fi  retro  producatur  ordinata  I P  donee  pars  produfta 
squalls  fit  Mmp  —  P  p,  &  produca,tur  R  O  ab  akero  abfciflas 
latere,  donee  pars  produfta  aequalis  fit  Mmq-F-Q^q, 

Nunc  tranleundum  eft  ad  regulam  parity  quae  etiam  curvas  geo- 
metrice  rationales  largitun 
Regula  3.]    Regula   haec  tertia  duos   quoque   complc^aitur  pro- 

blema 
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blema  folvendi  modos  a  prioris  reguls  formulis  propofitione  nonl 
traftatus  dc  quadrature  curvarum  ffewtoni  derivatos- 

Propofitione  ifta  ad   formulam  regulae  praecedcntis  priorem  ad- 
hibita    invenitur   area  curvae,   cujus   abfcifla  eft    x^    8c   ordinaca 


i/^/j-t-KK-l-R,    aequalis  areae   curvae,    cujus  abfcifla  eft  R   & 


ordinata  —  i/ija-t-KK  +  —  R.    Hinc  autem  qutnio  modo  folvi- 
R  1^ 

tur  probiema. 

Verbi  causa,  ut  cxemplum  geherale,    quod  antca*  exhibui,   in- 

veftigetur,   pofitis  M  P  =;?:,,&  P  v  =  R,    ut  prius,   fiat  — 

R 


*     »  n 


ssR    •    xc-H^R*,  &oeritz,  =  R*x_^-f- 4R*;fint 

m  m+  2  n 

autem  m  &  n  numeri  impares  vel  inter  fe  primi  vel  eorum  alter 
unitas ;  ut  figna  abfcifise  x.  &  ordinatac  R  fimul  mutentur,  ficut  in 


rcgula  priori  requiritur  ;  jam  erit  ordinata  —  i/aa-hR  R-f- — R 

R  II 


=  R     -  xr-^^R»  xi/utf-hKK  +  R"  xc-l- JR*  5   area 
igitur  curvae,  cujus  abfcifla  eft  x.  &  ordinata  i/TJ-pRR  +  R, 

rqualis  erit  areas  curva?,  cujus  abfcifla  eft  R   &  ordinata  R  ""^ 


xc-t-^K*  xi/ aa-hRR+K^xr+TST^  fi  modo  haec  pofte- 
rior  ordinata  cum  abfcifsa  fiia  angulum  contineat  aequalem  angulo 
fub  NM^  i  unde.hujus  pofterioris  curvae  quadratura  linea  cxhibe- 
tur  problemati  fatisfaciens.  Erit  autem  ^aec  linea  curva  geometrice 
irrationalis,  nifi  m  8c  n  certos  quofdam  numeros  defignant,  vel  certa 
^uaedam  fit  relatio  inter  coeflicientes  c,  J ;  has  autem  conditiones 

•  In  Aa.  Eirui  Mcnf.  J^ril  1721. 

ratione 


inverted  interfeBing  Curves  folved.  97 

ratione  fisqpeoti  inveDiuntiir*    Eric  *  area  cnnrse,  cojus  abfctfla  R& 

m  mmmn      

oidinataR-xT^FTlP +R    •    xThFTIT*  x  i/TT^FRIR; 


'*•         n  n 


adR  •     X ^  + rfR»+R"x77=F!rR|t 

xc 


n 


maa 

X rH-  — ; R*  -+-6fr.  ut  fmus  anguli  Tub 

maa  m^2  n 

aa 

n 

NMip-  ad  radium.  Haec  autcm  fcries  terminabitur,  &  quadratu- 
ram  finicam  dabir,  fi  ;x  fit  unicas  &  m  nurtierus  negadvu3  terna- 
rio  major,,  yd  ii  ultimus  terminorum  hie  fcriptorum  fit  nihilo  a;- 

qualis,ideft,  fi(it^  = •r,  vcl  fi  fit^/sso,  ir=i,  &fxi=: — 3. 

maa 

Et  hie  quidem  ultimus  cafus  curvam  cxhibct,  quae  thcorcmate  pras- 
ccdcnti  a  parabola  fcmieubica  invenitur. 


Magis    generatim    ponere   licet    —    =  R     «     x  c  -i-  ^"K" 

R 


-h^  K  *  -i-  (irr -irf  k^y  ubi  ^  numcrum  quemcunque  parcm 

Z     n  n  n 

denotat;  unde  fiat  x  =  R  *x  —  c-h JR*-f- ^^R*.,.. 

m         m^%n  m^^n 


n 


m-^pn 


-/R^,  &c  curvsB  uCl  ordinata  =  R    "  xc-+-dK*H-^K* 


-+-/R^x\/  tf/z-HRK  +  R.       Hinc  t  fi  «^  fit  unitas  &  *» 

numcrus  negativus  numero  ^  -+-  i  major,  curva  dabitur  geometrice 
rationalis,  vel  fi  ccrta  quaedam  relatio  fit  inter  eoeffieientes  ^,  J,  r, 
tff. ./,  quas  relatio  facile  invenitur  ut  antea. 

•  Per  prop,  quint,  quadr.  cur.  Newton.        f  Per  prop,  proxim.  citat. 

Vol.  VI.  O  Porro 


nonam    memoratam    libri  de   quadratura   curvarum,  Jexlus  oritur 
Litera  r  denotante    Ut' 6pra,    fieri    p6trfb    ofdirtata  PO  =  tfy 

___^-: ,    area  cunrse,   cujns  abfcMfr  efr  z,  &  ordhraca 

P4),  aqualis  erit  areae    curvae,    cujus   aWcifli    eft    r    &    ordinata 

-  .  —  • 

a  X X '• — ' •  Pcwatur  igitur —  =  r     "    x  b  -h  c  r 

'     b  —  cr-hdrr  —  fcfr  r 


r 

=1^ 


iirr-^ddr*'i-&cp't  &curva,  cujus  ordinata  eft  r  conditionem 

m  

hie  neceflariam  hab«bit.  Erit  enim  z,  =rn  xb  b-h  2bd  —  c  c 
;rrrT7TP^^f^^^'^*  X  A+BrrH-Cr^-f-tfr,  cujus feriei co- 
I'fficientes  A  B,  C  £if f  dantur  per  propoGtioncm  quintam  Trac- 
tatus  de  Quadratura  Curvarum.     Manifefkum  autetn  eft  ncc  tcrminos 

hujus  feriei  nee  q«antitatem  b  b-h  2  b d-cc  xrr-^ddr*  -i-Circl^ 
figna  fua   mutare    mutatione    figm    quantiutis  r  j   quantitas  au- 

«em  r •:,  fi «,  «  numeri  fint  impates,  figwim  mutabit,  q«»ndo 
^fa  r  ninum  mutatj  idcoque  ordinata  r  Scabfeiffa  x.  figna  fimul 

muubunt.    Ordinata  autscm  a  x  —  x — =  ent 

r      b — cr-¥drr  —  isc 


p  —  i 


ar'^^  rr-h2bd-ccxrr-i-ddr*-h(^c\ 

K  t^(r-i-drr-i-isfc\\     Et  hinc  fecilc  inveniri  poffimt  curvas 

rationales. 
Pro  excmplo  fimpHci  ponatur  ^=1  =«  =  »,  rf,  fiffsoi  ua- 

dc 


t 

dc  crit  —  ^hh  —  ccrr^  &  x.  s  i ^  r  -~  f  c  (¥^.     Ordmatji  au- 


r 


tcm  curvse  mcticndaB  =ciiii  +  2  ji^r  +  j^^rr  ;  cjufdcm  igi- 
tur  area  eft,  ad  ahbr'\-ahcrr-\-\(^ccr^^  ut  fmu&,anguii  fub 
NM**",  ad  radium;  idcoque  crit  P  I  =^ir  4-i  rr  r  H-f  r  ^r^ 
Hinc  aucem  invenicur  parabolam  femicubicam  problemati  fatisfacere, 
(}uafn  ica  defcribere  oportet.  Data  (in  Fig.  44.^  linea  reda  A  B,  &  ^'^-  44* 
in  ea  pundlo  C,  una  cum  linea  reda  C  D  angulum  fub  BCD 
cum  linea  C  B  conftituente  asqualem  angi^lo,  in  quo  curva  fe  in- 
tcrfecare  requiricur.  Ducatur  a^  libicum  H  G I  ad  C  P  parallela, 
fumaturque  ineaGH  =  !zCGi  deinde  4ivid^tur  ^ngMlu^  fub  A  CD 
in  duas  partes  cequales  linea  re£ta  C  £,  &  deniqqe  ad  diametrum 
H I  &  verticem  H  defcribatur  parabola  femicubka  K  H  L^  quae 
tranfeac  per  pundtum  C,  ita  ut  C£  ordin^tim  applicetur  ad  dj^- 
metrum  H  I.  Hacc  parabola  ad  ^aiviem  lineam  fimiJiter  appUca- 
ta,  fed  fitu  inverfo,  fe  int^rfecabit  in  angulo  f^qu^li  ^ngul<>  ^1^ 
BCD, 

Si  placet  curvas  hac  r^ula  inventas  theoremate  praecedente  con-< 
ftruere,  ex  iis,  qu^  hie  tradit^  funt^  jcurva  biuk  n^otiq  ji^pta  in- 
vcniri  poteft ;  erit  enim  curvae  illius  ordinata  aequalis  arese  curvse 
xptad  ^1  applicatas,  quando  angulus  fub  MPr  re6bus  eft.  Verbi 
causa,  hujus  area:  fluxip,  jw^qm  P  y  x  ^  i^Pim^x^X^  *ftcy|}(^  jirir 

oris  partis  hujus  regula  erit  =  R  R  x  R""^xr+-/iR*H-^R*.,-.H-/iW 

=  RR  -  X  r-hi/R*  ^->^<:♦ . : . :  -^/K/I  •,  ideoque  ctirvae  hie  re- 

I      J!L±lf   '     n       "*  *    '  *  )i 

quificae  ordinata  erit  =  —  R    *    x c  r\ «-*— .  J  R  * 

a  m*hn  m  +  ^H 


n 


+ ^R* H — fRf. 

m  +  gn  pi+pHr  1  }c^ 

In  exemplo   pofterioris   partis   hujus    r^ulas  erit    R  *(  =  ^  4 

P*  a  ibcrriricdr^-ht^f 

a  P<D        bh  +  ^bdr-fc^rr-t-d^r^Th^^ 


Rx2=rr  "xibct-icdr*  ^r^cxbbTt'^bd — ccxrr-h 

...  *  I         '         •    ' 

ddr*  H-  &fr*""' }  haec  igitureft  fluxb  ordinate  curvs  qusfitae. 

O  2  Si 
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•  * 

Si  fit  WS5 1=511  =:^,  </,  &?f=o,  crit  R  X2=;  2  ^r  rr,  &  or« 
dinata  curvae  quaefitae ;;=:b  err  \  quoniam  igitur  z  =  eric  bbr--^ 
\ccr^y  critcurva  qusefiu  in  hoc  cafu  parabola  divergcns  cum  noda« 
quae  definitur  hac  aequatione  3^22:  :;=y '  —  leyy  +  cey*.  Ec 
hac  curva  defcribetur  parabola  femicubica  fupra  mventa. 

Verbi  causa,  ad  rcftam  lineam  (in  Fig.  45.J  A  B  ducatur  per* 
^'^'  ^^'  pendicularis  CD,  &adillamuc  axim  defcribatur  cjufinodi parabola 
divergcns  FECEG.  Dcinde  ducatur  ad  libitum  HI  angulum 
quemcunque  datum  cum  re6la  A  B  conftituens,  &  ducatur  HKLM 
ad  C  D  parallela  ;  deinde  fumatur  H  N  =  H  K  H-  arc.  C  K,  H  O 
=  H  L  -f-arc.  C  K  L,  &  ab altera  parte  punfti  H,  H  P=  CEM 
—  HM  ;  &  curva  hac  ratione  defcripta  parabola  femicubica  erit. 

Hinc  apparet  quomodo  curvae,  quarum  inveftigationi  regula  haec 
tertia  aptatur,  theoremate  praecedenti  conflrui  poflfunt,  poftquam 
earum  formas  cognofcuntur,  fed  has  curvarum  fbrmae,  a  quibus 
rationales  dcriventur,  r^ula  hac  tertia  optime  inveniuntur. 

Hae  funt  tres  regular,  quarum  fupra  fit  mcntio.  Ultima  fcnten- 
tia,    denique  bis  reguliSy    &c,    exemplo   fequenti    illuftrari  poteft. 

a-i-bx-hcxx 

Sic  y  vcl  =  <i  -+-  >  ^  -f-  •  ^  -f-  2  rfx  -+-  ^  X*  vel  = , 

d-hex 

quae  duflB  sqoationes  omnes  compleAuntur  (ediones  conicas.  Inde  vero 

••_ 

y  e  c  —  dd ^  • 

inveniemus  •—  vel  =  ^» 


y  d+tx'^bx^c'i^idpc'+'exxxc'+idx+exx 

2c  dd^2aee^ — xbdt 
yel  =  i== —  ■        z  5  quae  aequationes  o- 

d+exxbd—ac-^icdx+'cexx 

ftendunc  in  nulla  ic&ione  conica(•quomodocunquedtfponacur,quaIT- 
citatem  —  conditionem  habere,  quam  hoc  problema  rcqiiirit ;  ide- 

y 

oque  nullacn  feftionem  conicam  problemati  fatisfacere.  Quocf  com- 
probari  etiam  poteft  examinando  reAanguIum  fub  fluxiombus  pri- 
mis  ordinatarum  aequaliter  ad  diverfas  partes  a  prihcipio  abfcil&e 
diftantium. 

*  Y)d,  Enumerat.  linear,  tert.  ord.  Pg,  73. 

Hinc 
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Hinc  atitem  cognofcitur  nallam  lincam  curvam  geometric  ra- 
tiooalem  problema  folvere,  quas  parabola  femicubica  fie  fimpli- 
dor. 

Si  vero  talb  inter  quancit^tes  a^  h  c^  dy  e  relatio  ftatui   potuiflet 

»• 

y 

at  -7  condicbnem  in  hoc  probletmte  neceflaf  iam  obtinerec,  nempe 
7 

ut  quantitas,  quae  in  z.  ducitur,  eadem  efle  pocuiflfet,  &  Tub  eodem 
figno,  pro  eadem  magnicudine  tarn  negativa  quam  affirmadva  ab- 

•*  •• 

y  V 

fcifla  Z.9  qno  cveniret  ut  —  foret  =  —  T>   ^  abfcifla  in  oppofitas 

y  V 

partes  a  fuo  principio,  ascjualibulquc  momentis  fluere  ponitur :  turn 
profcdo  (e&io  conica  hinc  determinanda  vel  problema  folveret, 
yel  feAionis  probkmati  fatisfacientis  ordinata  ad  ordinatam  hujus 
radonem  haberet  datam. 

Jam  vero  his  regulis  alias  aliquot,  quas  ab  amico  accepi,  ad 
{^blema  folvendum  adjungam. 

Regula  4.]   lifdcm  pofuis    ac  in  regula  prima,    fit  (in  Fig.  46.)  pig,  ^s. 

N  O  ad  A  B,  C  D  perpendicularis  ;  fint  P  I,  QJR.  ordinatae  aequa- 

liier  a  pundo  M  diftantes,   &  fit  curva  G  H  per  punftum  I  dufta 

fimilis  &  aequalis  curvae.fEF.      Ordinatis  PI,    Q^R  parallel ae  & 

prozimse  ducantur   xj  1,  c/^r,    &  lineae  roftae  Ik,  Rs  linese  NO 

parallels*     Angulus  fiib  s  R  r  =  eft  angulo  fub  k  1 1 ;    unde  anguli 

fubjik,  sRr  fimul  fumpti  aequales  funt  anguio  dacofubjll;  & 

quantum  angulus  fub  jlk  dimidium  anguli  fub  j  1 1  fupenit,  tan- 

tum  angulus  fub  s  R  r  ab  eodem  dimidio  deficit.    Si  igirur  Cm  Fig. 

47-)  radio  quolibet  mn  circuli  arcus  no  defcribatur,    &    fum:tJr^^4r 

angulus  fub  nm  p=  dimidio  anguli  dati  fub  j  1 1,  angulus  fub  n  mq 

=  angulo  fub  jlk,   &  angulus  fub  n m  t  =  ei  fub  s  R r,    feftorcs 

q  m  p,  p  m  t  erunt  sequales.     Pofita  autcm  1  k  =  R  s  =  1 ,  erit  j  k 

ut  tangens    anguli    fub  j  I  k  vel    anguli  fub  n  mq,    &  rs  erit  ut 

rangens  anguli  fub  sRr  vel  anguli  fub  nmt;    ideoque  &   fluxio 

ordinatae  P  I  erit  ut  tangens  anguli  fub  n  m  q,    nimirum  ut  n  v ; 

&  fluxio  ordinatae  Q^R  ut  tangens  anguli  fub  nmt,    nimirum  uc 

nw5    curvae  igitur'*'*a,   cuj us  areae  ordinata   PI  proportionalis 

eft,  ordinata  P#  potcft  efle  asqualis  tangenti  nv,  &  ordinata  Q^ 

ab  altera  parte  pun6ti  M  =  n  w.     Quoniam  autem  feftores  pmq, 

p m  t  funt  squalcs,  conftitui  poteft  feifl^or  pmq  acqualis areae  Mn  WP 

curvae  cujufcunque  K  L  conditionem  habentis  in  regula  prima  indi- 

catam  ;   &  fedtor  p  m  t  aequalis    areae  M  n  X  Q^  ejufdem   curva-. 

Denique  fi  ducatur  linea  reifta  t  ij  ^  linese  M  "¥  parallcla  &  proxima  ; 

cum  angulus  fub  i  Mj)  =  fit  dimidio  anguli  fub  j  II,    vel  angulo 

fub 
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fub  niiiz>  erunt  triangula  f  Ml),   nmz  fimilia,  &  prima  radocii 


ad  iM  eadem  cum  rationc  zn   ad  nm ;    ideoque  cq  r::: 


n  tn 


propterea  quod  i  M  =  eft ,  &  M  'ir  =  n  z.     Hie  autem  ha- 

betur  feptimus  moduSy  quo  problema  folvi  poteft. 

Si  loco  curvas  KL  linea  re6ta  fumatxir,  quicunque  fit  angulus 
fub  n  m  z  cadcm  defcribetur  curva ;  adeo  ut  hac  racione  invcnitur 
una  eademque  curva,  quae  diverfis  fitibus  in  angulo  quocunquc  dato 
problema  folvit.  Haec  autem  curva  a  circuli  &  hyperbolae  qu^- 
dratura  dependet  •,  fi  enim  ducantur  m  t,  n  o-  ad  m  n  perpcndicu- 
lares,  quarum  n  o*  zt  fie  mn,  &afympcocis  mn,  mr  hyperbola  on  0- -J/ 
defcribatur,  &  deinde  q^fu,  pOr  ducantur  lineis  mr,  no-  paraJ- 
lela; ;  quando  MP  =  eft  arcui  circuli  p  q,   crit  ordinata    P I  = 

0  ^  u? 

■  ,  fi  m  n  =  fit  2  M  n  *. 

mn 

Ftg.  46.  Regula  5.]  Defcribatur  (in  Fig.  46.)  curva  xMfx  ut  in  regull  fc- 

Fig,^Z.  cunda,  &  (in  Fig.  4S.)  radio  =  mn  defcribatur  femicirculus  ajS  7, 
cujus  centrum  </^,  fit  autem  d^C  diametro  ay  perf>endicularis.  Su- 
matur  el^f=:Py,  ducatur  t^  ad  </^  C  parallela,  jungaturque  d^^. 
Deinde  fit  curva  K  L  ejus  naturae,  ut  area  M  n  W  P  femper  aequa* 
F/^. 47-  lis  fit  fedtori  QJ^}^.  In  circuli  arcu  (F/g. 47.)  no  dudis  pu  finu 
arcus  pq,  &p(l  fmu  arcus  np,  producatur  mp  ad  z,  ducaturque 
z  g  ad  p  q  parallela.  Porro  didUs  m  n  m  m  p,  a\  m  9,  ( ;  n  z,  c  \ 
p  n,  R ;  n  V,  y  ;  crit  ut  m  p :  p  n  •' :  m  z :  z  {[,  ied  ut  m  0  :  m  n  ('m  p) 
: :  m  n  :  m  z  ;  ex  aequo  igitur  ut  m  9  {b):  p  q  (R) : :  m  n :  z  ^ : :  m  v 


(•tftf-t-yy) :  zvfy  —  c)  unde  by  —  be  =  R  \^ ai^^ yy^SicdcxiU 


bbc-ha^\/  aa—KR 

que  y  =  nv  =P»=i — . 

**~RR 

Hinc  autem  modo  oStceoo  folvitur  problema. 

Regula  6J   Per  propofitionem  nonam  Traftatus   de  Quadratura 
Curvarum    area    curvae,     cujus    abfcifla    eft  2:   &    ordinata 

*  Vid,  Ban-ov.  left,  g^mctr.  pag.  no. 

bbe-^ 
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' ■  ■■    ■  '  «■«  "■■,  squalls  eft  area:  carvae,  cuius,  abfcink  eft 

*J  — RR  ^^ 


R&ordinata—  x  .     Unde   habetur  modus 

R  bb—KK 

nojms  problema  folvendf. 

z. 
Liters  m  8c  n  eadem  denotenr,    ac   in  r^ula  tenia,   &  fiat  — 

k 


R  "    X  *  *  —  R  R|^  &  ordinatt—  x ^  Eet 

=  i>rR     «    X**  — KRK""'+tfR"^x**— RR|/^ixv^Ai— KR.I 

Unde  H  n  unitacctn  denotet,  &  p  numerum  quemcunque  integrum 
&  afiirmanvum,  curvageamccricerationalis  invenietur,  fimodo/Tific 
Humerus  affirmativus,  vel  etiam  fi  n  fie  unitas,  m  numerus  affirmativus 
kip  numerus  impar   negativus  numero  m  major. 

Regula  7-]  Ducatur  (in Fig.  48. j  0  X  femicirculum  afiy  contingens p-     ^ 
io  3,  &  producatur  c  ^  ad  fx,  dufta  c^  v  ft.     Sit  autem  curva  (in  iTj.  f^[  ^g. 
46-)  KL  ejus  naturae^  ut  area  MnWP^fk  fefl:ori<^j3y.    Diftis 
^icur  m  n,  ^1 ;  n  z,  ^  ;  &  tangente  arcus  p  q,  R  ^   eric  n  v  s  P  «  = 

aac+aaK 

' .    Et  hie  eft  dccimus  problema  folvendi  modus. 

aa  —  ^R 

Quando  angulus  interfeAionis  redus  eft,  &  r  =  d,  hsc  regula 
iiib  formuU  poftcriori  reguiae  fecundae  comprefaenditur. 

Item  fi  loco  X  M  fi  linea  re£bi  fumatur,  quicunque  fie  interfedionis 
angulus,  cafus  iUe  curvae  logarithmicas  invenietur,  quern  in  regula 
fccunda  tradidimus. 

Reffila  8.]  Ut  antea,  eft  area  curvae,  cujus  abfcifla  z  &  ordinata 

aac^a  tfR 

,  aequalis  areas  curvae,  cujus  abfcifla  eft  R  &  ordinata 

aa  —  c  R 
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z    aae+aaK 


—  X' 


quendL 


-«    Hie  autem  eft  undecinms  modus  proUema  ace- 


Litcris  »•,    n  cadcm  dcnotantibus,    ac  antea,    fi  -7  =  R    *    x 

K 

z        aac  +  aaK  m^u 

^"♦_^fRRj^;    &    ordinata  -7  x  fiet   =    R      " 

R        aa  —  cK 

xtf^^H-tf'^H-^^^^xR-t-tftfrRRx^*  —  fcRRl        :  quae 

formula  curvas  geometrice  rationales  facile  pra?bcL 

Si    fit    m  z=^  I  z=z  n  f\   eadem   parabola    femicubica    atque  ex 
regula  tertia  invenietur. 
^'Z-  49-  Re^ula  9.]  Si  (in  Ftg.  49.)  NO  ad  lineas  A  B,    CD  pcrpendi- 

cularis  fit,  &  ducatur  curva  K  L,  cujus  ordinatse  P  W,  QX,  quas 
aequaliter  a  pundo  M  diftant,  sequales  (int,  &  ab  eadem  abfci(&e 
parte  poGtae  ;  radio  ordinatae  P  W  asquali  defcribatur  circuli  fe^ 
mentum  a  b  c,  quas  angul  jm  comprehendat  angulo  squalem,  m 
quo  curva  fe  ipfam  fecare  requiritur  cujus  fcgmenti  centrum  aequa- 
liter  diftct  a  lineis  A  B,  CD.  Ducatur  autem  &  alia  curva  xM^ 
cujus  ordinatac  Pv,  Qg  aequafiter  a  punfto  M  diftantes  fint  jequalcs 
&  a  contrariis  partibus  ablciffae  NO  pofitae.  Deinde  fumpta  M  f 
=  P  V  dudlaque  f  h  Imeae  N  O  ad  perpendiculum,  junftaque  c  h, 
manifeftum  eft,  fi  curva  qufefita  E  F  ejus  fit  naturae,  ut  contingens 
.  in  punfto  I  femper  fit  parallela  lineac  c  h,  propofito  fatisfaciet.  Nam 
cum  fit  WPzrQ^X,  idem  circuli  fegmentum  ordinatis  PW, 
Q^  X  convenit ;  adeo  ut  fi  fumatur  M  g  =  Q^j,  ducatur  g  k'  ad 
N  O  pcrpendicularis,  &  jungatur  c  k ,  linea  redta  contingens 
curvam  quaefitam  E  F  in  punfto  R  parallela  erit  lineae  c  k. 
Quoniam  igitur  Q  p  =  eft  P  v,  ideoque  M  g  =  M  f  in  firu 
hujus  curvas  E  F  inverfo,  &  ^uando  pundum  R  in  pundum  I 
cadit,  contingens  in  pundo  R  lineae  pun£bi  a,  h  conjungenti  parsLl- 
lela  erit,  &  cum  contingente  in  pundo  I  angulum  conftituet  aequa- 
lem  ci  fub  a  h  c,  nimirum  angulo  in  fegmento  a  b  c  comprebenfb. 

Invenitur  igitur  hujufmodi  curva,  fi  fiat  ut  y  :  z: :  f  h :  fc.  Quam- 
obrem  fi  pro  PW  ponatur  m\  pro  a  M=Mc  ponatur»  ;  pro 
intervallo  inter  pundum  M  &  centrum  fegmenti  ponatur/>  \  &  pro 


Pv=:Mf.    J  ;  habebimus  y:z.\i\^  mm  —  jj=t:/>:/i  +  j,  &y  = 
;  x^  mm — 
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. z.    Dantur  autcm  rationes  inter  m^  «,   p  ob  da* 

turn   iS^menti   a  b  c  angulum,  &  invenietur  j^  vel  P  I  mcciendo 


curvam,  cujus  abfcifla  eft  i  &  ordinata  ■  Hie  au- 

n  +  q 

tern  exhibetur  duodecimus  modus  prpblema  traftandi. 
Si  angulus  fub  a  he  fit  redus,  eric  ^=to,  n  =:^,    &  ordinata 

m  —  q 

cunrae  metiendae  • -.    Quam  profe£to  ordinatam  problcmati 

m  +  q 

fiitisfacere,  intelligi  quoque  poteft  ex  pofteriori  r^lae  fccundae  for- 
mula. 

Si  loco  linearum  curvarum  K  L,  x  M  pt  reftae  fumantur,  quan- 
do  angulus  fub  a  h  e  re£hxs  eft,  erit  curva  £  F  cjclois  ;  quse  facile 
detcrminatur  forma  undecima  tabulas  curvarum  iimpliciorum,  quse 
cum  circulo  &  hyperbola  comparari  pofTunt  in  Tradatu  de  Qua- 
dratura  Curvarupi  NewSoni. 

Regula  10.]  Portp  area  oitvx^   cujus  abfcifla  eft  )c  &  ordinata 


ymm — qq^p 

9  «qualis  eft  tum  are®  curvae,  cujus  abfcifla  eft  m 

n+q 


X.       ^fnm — qq^p 

&  ordmata  —  x  — 5  tum  areas  cunrae,  cujus  abfcifla 

m  n-hq 


z      i/mm  —  qq^p 

eft  J  &  ordinata  -7  x .    'Unde  habcntur  dm  oHi 

q  n+i 

m£j  quibus  problema  folvi  ^teft  i  quorum  pofteriori^  ratione  fe* 
qoenti,  curvae  geometrice  rationales  mveniri  poflunt. 

Sine  ^,  «  numeri  imparess  n  numeras  par,  &  ponatur  "7^=:^  * 

9 


)f » ■—  ?■ ,  item  4»  =  I  -I- i  J  J.    Unde  erit  z  ss  areae  curvae,  cujus 
Vol,  VI.  P  abfcifla 


loA  i4  ^r^em  relating  h 


abfciffa  eft  f  &  pKlinaca  j  ♦   k » » — f>,  &  ordinata  ^  x — - 

His  quatuordecim  drverfis  modis  gcneratibus.  aaiv:us  cncus  prob* 
lematis  folutioncm^  abfolvit.  Demoriftrationes  autcm  illixis  ex  com- 
pofitione  ufus  ia  hoc  problemate  curvarum  Geometris  notarum  fie 
fe  habent. 

Fig.  50.  De  Cafu  i  Lin.Logarith,]  Sic  (Jn  Fig,  50.)  A  B  linea  logarithmica 

afymptoton  habens  C  D  •,  eique  ordinatim  applicetur  E  F,  quse  fit 
fubtang^nti  logaritUmkse  jequalis.  ^  A^d  Ibeam  r^ftaai  E  F  85  ^d 
qubdcunquc  in  ea  pundTum  I  Gonftituatuf  alia  linea  logarithmica 
GHI  priori  fimilis  &  aequalis,  fed  fitu  inverfo  difpofita.  Deindc 
fi  gonjing^ntes  H 1^,  H  1)4  dujf ^ntur^.  di^o,  angulum  £ub  L  H  M 
ahgulo  fub  C  E  F  eflc  aequalcnV. 

Ordinatim  applicetur  H  N,  ^^\J^  Q  =  '^  N,  qrdinatixp  applice- 
t\}y'  0  P,  &  (Jucatui;  contingens  P  CL.  T^unfta  P  &  ^  ajqualitcr 
dittant  a  redta  El,'unde  puriaiimJPln'curva  A  B  punifto  H  in 
curvl  G  I  rej[pon(Jet,  "&  angulus  (ub  O  P  C^=;  eft  aijgulo  fub  NHM, 
proptcrea 'qiiod  curvi  AB,  Gl  fimiles  funt  8^  aequaes.  Qupniam 
vero  curva  A  B  eft  logarithmica  &  E  N,  fe  O  aequales,  erir'  N  H 
xOP*=:EFf  Eft  autem  ]g;F  =  NL  =  OQ;^,  un'de  ut  MH: 
EF(NL)::  EF  (OQJ:OP.  Cum  igitur  anguli  fub-tlNL, 
00  P  fint  aequales,  triangula  H  N  L,  Q  Q  P  funt  frmHia,  &  an- 
gmiik  fab'Q^PO^  qui  afqualis  eft  anguid  fub  NHM,  aequalis 
quoque  eric  angulo  fub  N  LH.  Unde  anguli  fub  NH  M  &fub. 
NLH  sequales  erunt,  &  angulus  fub  L  HM.  angulo. fubCNH 
five  angulo. fub  C EF  aequalis.     Q^.  £•.  IX 

Fig.  St*  De  Cafu  altera  Lin.  Log.']    Sint   (in  Ftg,   51.)^  A  B,    C  D  du« 

lineas  redtae  parallelae,  intra  quas.  quaBlibot  alia^  linea  refta  E  F 
•  djifatur,  Ad  afynjptptpi^A  B  dclcribaturliriea  l%arithmica  C  H^ 
cujm  fubtangens  fit  aequalis  •  Itneas  E  F,  "&  orcknaViVn  applicatae 
comprehendant  cum  afymptoto  angulos  ^erfus  contingences  sequales 
parti  ^imidiae  anguli  fub,  A  E  F.  Quib^uf  TOfici^,,  fi  ad  ajVmprotoa. 
GTD  alia  defenbatur  lin^a  logarithniicA  iX  M/pripH,  fin^ilis'  8c. 
asqualis,  &fi  ducantur  contingentes  L  N,  Ld,  dico  anguluni  Tub 
OLN  angulo  fub  BEF  effe  aequalem. 

Ducatur  N  P,  ut  angulus  fub  A  N  P  angulo  fub  AEF  fit  v^^ 
qiiali^  &  erit  N  P;=  E  E,  Samacor:  N  Q^'  lipei  ^E  F  five  ^ibbtan- 
genti  lineas  Ic^arithmicas  aequalis,  jungaturque  Q^L.  Quoniam 
igitpr  Q  L  punftum  (^conjipgi{  cuni  pujpftp  contadlj&s  L,  C^JL^ 

*       ~ '  oirdma^ 
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onfinadm  ad   afymptoton  A  B  applicabitur^    ideoque  inguliis  fub 


sequalis  dimidio  to|uli  fub  A  NP,  refta  QL  prodiicta  tranfibit  per 
P  dfiiciem  tfiai^mm  t*  N  Q^ifofccles.  Eadeiri  fatiohe  fi.aUcatur 
O  S,  ut  angulus  fub  COS  aequalk  fit  ahgulo  fub.  A  E  F  erit 
OS  =  El^5  fl  verb  futnafur  6  R  =r  E  F,  ^ucanirque  R  L,  prdina- 
tim  ea  applicabicur  ad  afymptQton  CD,  &  pi:odu6la  tfanfibit  par 
S,  propterea  qu6d  linea  I  M  fimilis  eft  &  squalis  liheas  G  H. 
¥nt  autem  angulus  fob  PR  L  (  =  arigulo  fub  LSQ^)  =  angulo 
fab  L  QJS  =  ahgulo  fub  N  P  d.  Unde  erk  angulus  fub  L  S  Q^ 
=  angulo  fub  NPQ^,  &  triangula  S  L  Q,  PNO  fimilia  funt, 
angulufque  fub  S  L  O  =  angulo  fub  P  N  Q^z=  angulo  fub  B  E  F. 
Eft  autem  &  LS  =  L  Q^,  O  S  =  N  <^;  item  angulus  fub  OS  L 
(  —  angulo  fub  ORS)   :a  aftgUlo  fub  N  Q^L.     Triansula    igitur 

05  L,  N  OL  sequalia  funt,  habentia  bafes  O  L,    N  L  asquales, 

6  angolos  fub  NLQ^  OLS,  etiam  aeqUales  :  aufcratur  com- 
munis angulus  fub  N  L  S,  &  relinquetur  angulus  fob  O  L  N  = 
ai^ulo  fub  S  L  CL=  angulo  fub  B  E  F.    CL.  E.  JO. 

De  Cycloide.']  Sirtt  (in  F/j.  52.]  A  B^  CD  duas  reftae  lineas  paraf-  jp/^.  .^ 
fete,  quas  E  F  ad  perpendiculum  facet.  In  diametrum  E  F  defer i- 
batur  fcmicirculus  E  G  F,  &  eo  fetnicireulo  defcribatur  femicyclois 
F  H.  Jam  fi  alia  femicyclois  I  LQ^  priori  firjiilis  &  asqualis  fed 
fitu  mverfo  intra  parallelas  defcribatur,  &  fi  contiiigeiites  L  M, 
LN  dircantur,  dico  arfgulum  fub  M  L  N  redum  cffe. 

Sit  1 0  P  femicirculus,  quo  defcribituf  femicyclois  I Q^,  ejusdla- 
meter  IP;  ducatur  L  G  O,  liheis  A  B,  CDparallela,  &jungan- 
tw  F  G,  G  E,  10.  Eric  deinde  contingens  L  M  paraflda  redlac 
PG,  &  contingens  LN  parallela  redlaa  10,  qiise  parallela  eA 
tcftae  E  G.  Angulus  igitur  fub  M  L  NT  =z  eft  angulo  fub  F  G  E 
redo,  ideoque  angulus  fub  M  L  N  reftus  eft.    Q^  E.  D. 

De  Parab.  Semicub.']  Si  (in  H|.  53.)  reftam  lineam  AB  aliareda  jr,v  -,, 
linca  C  D  interfecat  in  pundto  E)  cum  linea  A  B  angulum  quem-  ^ 
cunque  conftituens  ;  &  fi  .  fuoiatur  D  E  =:  ^  D  C ;  deitide  ducatur 
EF,  ut  DF  fit  =:DEi  &'denique  diametro  CF  &  vertice  C 
defcribatur  parabola  femicubica  G  C  H,  quae  tranfeat  per  punftum 
E,  habeatque  ordinatim  applicatas  ad  diametrum  CF  lineae  FE 
parallelas  :  his  pofitis,  fi  parabola  base  ad  lineam  A  B  in  ficu  in- 
verfo  defcripta  fit,  ut  eandem  in  fitu  jam  difto  defcriptam  interfe- 
cet,  &  contingentes  ad  pun^tum  interfedbion^  ducantur,  illas  con^ 
tingentes  (e  interfecabunt  in  angulo  aequali  angulo  fub  C  D  B. 

&imatur  in,  parabola  G  C  H  punftum  quodvis  I,  ducatur  I  LC, 
&  fumpta  EM  =  EL  ducatur  MNC.  Deinde  ordinatim  appli- 
ccnmr  O I P,  N  Q^  R,  ducaturque  C  E  V,  item  E  X  diametro  C  O 
parallela.    Hispofitis,  erit  VX:  XE::  EF:FC,  &XE:XP:: 

P2  DF: 
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DF:EF.     Unde  ex  sequo  ut  VX:XP  ::DF  rFd,  dividendo- 

?ue  ut  VX:  VP::DF:PC.  Quoniamigitureft  DF=:DE:i:f 
)C,  eftctiam  VX=:|  V  P.  Porro  ut  IOj:EF  j::  C  O^:  CFr: : 
V  O^ :  EF  ^.  Qaatuor  igitur  irarioric  contihuata  proportionalium 
eft  V  O  fecunda,  quarum  lO  eft  prima  &  EF  ultima.  Eftautem 
ay  lO:  OV  :  :  LF:EF.  Idcoque  funt  lO,  OV,  FL,FE 
quatuor  ratione  continuaca  proportionalcs ;  unde  ut  V  O :  L  F  :  : 
LF:EF  :  :  VO  — LF:  LE,  componendoque  ut  I.F  +  EF: 
EF::VO— EF  (=±VX):  L  E.  Demonftratum  autcm  fuit  V  X 
aequalem  efle  dimidio  lineae  V  P.  Ut  igitur  2LF-t-2EF:EF:: 
VP:LE::2LFE+  2EFy:EFj.  Jam  vero  ut  IO:LF 
.( : ;  I  V  :  LE) : :  L  F  j  (  2LFEH-LEy  — EFj):EF^,  prop- 
terca  quod  lineae  I  0,~  VO,  LF,  E  F  funt  quatuor  ratione  con- 
tinuata  proportionales ;  quoniam  igitur  ut  VP:LE::  2  LFE-f- 
2  EFy:EFj,e;rituc  PI:LE::  3EFJ  — LEjiEFj.  Eodem 
mode  demonftrattir  ut  N  R :  E  M : :  3  E  v  q —  E  Mqi  Evq.  Cum 
igitur  E  M  ==  fit  E  l.r  erit  N  R  =:  P I ;  funt  autem  parallel,  ideo- 
que  punfta  N,  I  aequaliter  diftant  a  linea  A  B.  Si  igitur  parabola 
fcmicubica  G  C  H  in  fitu  inverfo  ad  lineam  A  B  defcribatur,  punc- 
turn  N  incidere  poteft  in  punftum  I.  Parabolae  huic  detur  ille 
fitus  inverfus  hcg^  &c  ducantuf  contingentes  IrS,  EW,  ANT, 
tlJ^\  item  linear  W  L  Y,  W  Z  M.  Erit  ex  natura  parabolae  hu- 
jus  OS=jOC,  F  W  =  f  FC,  &  QT=f  Q^C.  Eft  autem  & 
F  D  =  f  F^C;  undeFD,  DE,  &  DW  funt  *quales,  &  angulus 
rub  F  E  W  reftus :  &,  cum  EL  fit  =  E  M,  erunt  &  anguli  fub 
^  E  W  L,  E  W  M  aequales.     Ouoniam  autem  L  M  F  lineis  I O,  N  Q^ 

parallela  eft»  &  lineae  O  C,  F  C,  O  C  fimiliter  dividuntur  in  punftis 
S,  W,  T,  erit  W  L  Y  contingenti  I  r  S  parallela,  &  W  Z  M  con- 
tingenti.A  N  T.  Eft  igitur  angulus  fub  W  Y  D  =  angulo  fub  I  r/» 
&  angulus  fub  W  Z  JD  ==  angulo  fub  N  A  D  =  angulo  fub  I  /  r. 
Pbrro  cum  anguli  fub  EWL,  EWM  fint  aequales,  &  anguH 
fub  DEW,  DWE  etiam  aequales  propter  linearum  DW,  DE 
aequalitatem,  erit  angulus  fub  Y  W  D  =  angulo  fub  WZ  D.  Ideo- 
que  angulus  fub  CDB,  qui  sequalis  eft  (ummae  angulorum  fub 
W  Y  D  &  fub  Y  WD,  aequalis  erit  fummse  angulorum  fub  Ir/, 
&  futi  I  /  r,  nimirum  angulo  fub  Tld^  aequalis.     Q.  E.  D. 

XIII.  Accounts  of  Books  ommitted.      ^ 

!•  Harmonia  Menfurarum\  five  Analyfis  & Synthcfis  per  rationuni 
&  angulorum  mcnfuras  promotte ;  accedunt  alia  opufcula  Mathema- 
tica:  per  Rogerium  Cotejium.  Edidit.  &  auxit  Robertus  Smith, 
Coll.  Trin.  Cantab.  &  Reg.  Soc,  Sbcius  •,.  Aftronomiae  &  Experiment 
Talis  Philofophias  Profeffor.  Cantabrigias  172^,  in  Quarto. 

II.  Qeometria  Organicaj  five  Defcriptio  linearum  curvarum  Uni- 
verfalis.v  Auftore  CottHo  Maclaurin  Mathcfcos  in  Coilegio  Novo 
Abrcdoncnft  Pcpfefforc,  &  R.  S.  S. 

The 
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The  Defign  of  this  Treatife  is  to  examine  various  Methods  pro- 
pofed  by  Mathematicians  for  defcribing  geometric  Curves,  and  to 
demonflrate  a  new  one  infinitely  more  General.  'Tis  built  upon 
die  Theorems  publifli*d  at  the  End  of  Sir  Ifaac  Newton*s  Enume- 
ration of  the  Lines  of  the  3d  Order.  Thefe  he  demonftrates  in  the 
ift  SeAion  of  the  2d  Part,  and  in  the  laft  to  fhew  the  Ufe  of  Curves 
in  Natural  Philofophy,  folves  two  of  the  moft  confiderable  Prob- 
lems that  occur  in  it. 
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no  Optical  Experiments 

CHAP.     II. 

0  T  T  I  C  K  S. 

Expermentsy  J.  QJIGNIOR  Rizzetti,  an  Italian  Gentleman,  publiflied a  Book 

^"f^J^^^y^y  .^       Vj  concerning    the  AffeAions  of  Light,    in  oppofition   to    Sir 

OptUkT^^^  ^f^^^  iV^w/(?»,  dedicated  to  Cardinal  Polignac^   1727.     In  it  he  calls 

406.  p.  607.    fcveral  of  Sir  Ifaac  Newton*s  Experiments  into  qucftion,  becaufethey 

?yfDr.bcfagu-  did  not  fucceed  in  the  Way  he  tried  them,  denies  the  Confequences 

hers.  Qf  others  that  he  allows,  and  advances  new  Hypothefes  contrary  to 

Experience.     The  Prefident  bsing  acquainted  with  this,  defir'dDn 

Defaguliers  to  make  fome  Experiments  upon  this  Occalion.     How 

thofe  were  made  and  fucceeded,  with  Inferences  from  them,    you 

have  in  the  following  Account. 

N.  B.  Some  of  thefe  Experiments  are  Sir  Jfaac\  but  made  af- 
ter a  different  Manner ;  and  fome,  as  the  Dr.  informs  us,  altoge- 
ther his  own. 

Experiment  i.]  I  prepared  a  Box  of  about  three  Foot  high,  and 
one  Foot  wide  within  (whofe  Shape  was  a  truncated  Pyramid)  in 
Fi^^  54.  the  following  Manner.  I  painted  the  Infide  of  it  Uack,  and  in  the 
back  Part,  one  Foot  above  the  Bafe,  made  a  fquare  Hole  of  three 
Inches  in  Width  (whofe  Seftion  is  r  r)  to  receive  a  Piece  R  /hut- 
ting clofe  with  a  Rabbet  or  Shoulder,  whofe  Surface  commg  throush 
the  Hole  was  wholly  covered  with  the  paintai  Paper,  on  which  me 
Experiment  was  to  be  made.  Over  againft  r  r,  in  the  fore  Part  of 
the  Box,  was  a  Door  to  open  with  a  Tube  in  it,  four  Inches  wide 
and  five  Inches  long,  whofe  Sedion  is  ^,  /,  ^,  b^  that  two  Candles 
fet  on  the  Places  i,  kj  to  enlighten  the  Paper  at  r  r,  might  throw 
no  direft  Light  out  of  the  Box,  whofe  Seftion  is  reprefented  at 
abed.  Then  having  made  the  Room  perfedly  dark,  I  fixed  the 
Box  upon  a  Table,  that  it  might  remain  in  one  Place;  at  the 
Diftance  of  eight  Foot  from  r  r,  I  fixed  the  Lens  L  L,  of  four 
Foot  Focus,  in  a  Frame  upon  another  Table,  with  its  Axis  going 
through  the  Middle  of  rr:  At  the  Diftance  of  about  eight  Foot 
beyond  the  Lens,  I  fet  up  the  Skreen  or  Square  of  white  Paper  S* 
Having  put  into  the  Hole  rr  a  ftiff  Paper,  painted  with  Vermil- 
lion, and  wrapped  four  Times  and  an  half  with  black  Silk  (as  re- 
prefented by  K),  that  Paper  enlightened  by  the  Candles  at  1,  k^ 
the  Image  of  the  red  Paper  was  projefted  upon  the  Skreen  at  p, 
and  when  the  moft  diftindb  Place  was  found,  the  Skreen  was  fixed: 
Then  a  Paper  painted  with  Ultramarine  being  fixed  in  the  Hole 
r  r,  the  Image  of  it  was  fo  indiftinft  at  (,   that  the  Images  of  the 

black 
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black  Silks  could  not  be  feen  \  but  holding  a  Piece  of  Paper  dofe 
to  the  Skrcen,  and  bringing  it  forward,  at  about  ^  of  an  Inch  from 
the  Skreen,  the  Reprcfentaiion  of  the  Silks  began  to  appear  on  the 
blue  Iroa^ ;    but  it  was  moft  diftinft  at  an  (rich  and  ^,    or  at 
Z  Z  ;  fo  that  there  was  i  |  Inch  between  the  diftinft  Bafc  of  the 
rtd^  aAd  that  of  the  hbe  Pa^r.     But  what  has  led  feveral  People 
into  an  Error   in  making  this  nice  Experiment,    is    the  Depth  of 
die  Focus  of  the  Rays  in  both  Cafes;    for  though  the  red  Image 
was  moft  diftin<a  at  j,  yet  the  Reprefentation  of  the  black  Silks 
might  juft  be  perceived  by  a  good  Eye  when  the  Skreen  was  mov- 
ed backwards  or  forwards  ^  of  an  Inch :    The  blue  Image  which 
was  ftronger  had  its  Silks  vifible  an  Inch  on  either  Side  of  ZZ ; 
fo  that  in  a  Paper  half  red  and  half  blue,  painted  with  thefe  Co- 
lours,   one  might  have  feen  the  Silks    (though   faintly^  upon   the 
two   Images  at  once,    and  have  been  thereby  deceived  :    But  \  of 
an  Inch  beyond  the  Place  common  to  both,  the  red  alone  would 
have  appeared  diftinft  ;    and  an  Inch   fhort  of  the  faid  Place,  the 
blue  Imagp  moft  diftjn<^  and  diftin<ft  alone ;    that  is  an  Inch  and 
\  oearer  the  GJafe.      Injftead  of  Vermilicn  the  red  Paper    may  be 
painOcd  with  Carmine  or  Lake^  but  it  will  not  dofo  well,  as  was  then 
tried;  nor  does  Prujfian  Blue  60  fo  well  as  Ultramarine.  The  beft 
Way  is.  to  heighten  the  Vermilion  with  a  little  Carmine^    and  the    ' 
VUramarine  (" which  has  100  much  white)    with  Indigo  ;    and  then 
there  will  be  a  Space    between  the  two  diftindl  Bafes  where  both 
the  Imasses  will   be  indiftind.  ! 

v 

N.Bl  I  made  the  Experiment  with  Jhch  CohurSy  in  the  Tear  vjzi  \ 
hu\  nfiw  Iv/ed  no  Mixtures^  that  any  Body  elfe  might  repeat  theExpe- 
mnent. 

The  55th  Figure  reprefents  the  Box  with  one  Side  out,  whofe  ^'g-  ss- 
PUcc  hif'.db^ye g  is  die  Hole  for  the  Tube  in  the  Door  of  the 
Forefide,  ^d^cd\  rr  the  Hole  in  the  Back  to  receive  the  Piece  R 
widi  its  painted  Paper. 

TJhc  56th  Figure  is  the  Box  open  before,  with  the  Candles  and  Pa- 
per in  it,  the  fame  Parts  being  marked  with  the  fame  Letters  as  in  the 
other  Figures. 

N.  B.  I  made  the  Experiment  in  this  Manner ^  hecaufe  SigniorRxz- 
UXXi  attributed  the  different  Foci  of  the  Colours  to  different  Indina- 
tions^  which  could  not  be  alledged  here  \  the  red  and  blue  beings  as 
be  bad  defer ei^  fucceffivelj  fixed  in  the  very  fame  Place  :  And  he 
fiiys,  p.  64.  addidi  permanenies  colores  a  limine  direSlo  diverjd  incli- 
mtione  illuftratos  conjlant^^  Inclinations  in  lentem  incidere.  Nay^  more 
than  this  was  performed  in  the  Experiment  ;  for  as  the  Candles  were 
fixed^  the  Light  fell  upon  the  painted  Paper  always  with  the  fame 
Incidence. 

Exper. 
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jv^.  54,55.  E9cper.2.]  Inftcad  of  the  red  or  blue  Paper  at  rr  (Ftg.  5+,* 
55.;  I  fixed  upon  the  Piece  R,  a  Paper  half  red^  and  half  blue^  as 
^^g'  S7'  R  B  (Fig.  57.)  then  over  the  Hole  in  the  fore  Part  of  the  Box  rc- 
\  55, 57.  prefented  by  eg  {Fig.  55.)  I  fixed  a  fquare  Plate  xd^  cd  (Ftg. $7-) 
with  an  oblong  Hole  in  k  four  Inches  long  in  its  Horizontal  Po- 
fitibn,  and  one  Inch  deep,  through  which  one  might  fee  the  parti- 
coloured Paper,  as  if  it  was  only  of  the  Bignefs  and  Figure  of  this 
Aperture,  and  ftrongly  enlightened  by  the  Candles  hid  in  the  Box  5 
the  reft  of  the  Room  being  very  dark, 

N.  B.  /  made  this  Preparation^  hecaufe  Rizzetti  obje^s^  to  Sir 
Ifaac  Newton'i  firft  Experiment  of  the  firft  Book,  that  the  black 
Cloib  beyond  the  parti-coloured  Paper  was  not  colourlefs^  and  there- 
fore  the  Experiment  was  not  decifive  as  particularly  relating  to  the 
Paper. 
Fiff.  58.  RB  (F/g.  58.)  is  the  Paper  contrafted  in  Length  and  Breadth 

by  the  Aperture  of  the  Plate,  which  Paper  being  looked  at,  at 
the  Diftance  of  five  Foot,  by  the  Prifm  i,  appeared  as  drawn  at 
r  b.  The  Prifm  being  removed  to  2,  at  the  Diftance  of  ten  Foot, 
(hewed  the  Paper  as  at  r  *.  And  when  it  was  at  3  (at  the  Diftance 
of  fifteen  Foot)  the  Paper  appeared  as  f  g.  In  thefc  three  Cafes 
.  the  blue  b,  i,  and  3  appeared  lower  than  the  red  r,  r,  j,  the 
refrafting  Angle  of  the  Prifm  being  downwards.  When  the  refraft- 
ing  Angle  was  held  upwards,  as  at  5,  then  the  blue  B  was  raifed 
higher  than  the  red  R ;  but  if  due  Care  be  not  taken,  in  turning 
the  Prifm,  a  Refleftionmay  be  miftaken  for  a  Refradion,  as  at 
4 ;  and  then  indeed  the  Red  and  Blue  will  be  equally  railed  as  ac 
T.  This  muft  have  been  Signior  RizzeUi*s  Miftake,  when  (ia 
Pag.  38.)  he  fajrs  that  one  Colour  was  raifed  higher  than  the  o- 
ther  by  two  I^ines,  at  ten  Foot  Diftance,  but  not  at  all  at  five 
Foot  -,  for  feveral  of  the  Perfons  prefent  at  my  Experiments,  made 
the  fame  Miftake  at  firft  before  they'  could  perform  the  Experi- 
ment in  manner  abovementioned  ;  which  they  at  laft  did,  and  found 
the  Colours  feparated  moft  at  the  greateft,  and  leaft  at  the  leafl: 
Diftance. 

This  miftaking  a  RefleSlion  for  a  RefraSion^  has  been  the  Occa^ 
fion  of  feveral  more  Errors^  and  Difficulties  to  be  met  with  in  Sig^ 
nior  Rizzetti'i  Book. 

Exper.  3.]  A  Candle  K,  reflefted  from  the  Surface  AB  of  the 
Fig,  59.  Prifm  ABC,  appeared  very  faintly  to  the  Eye  at  E,  as  a  weak 
Image  at  k  ;  becaufe  the  Rays  incident  at  I,  pafs  moft  of  them 
through  the  Prifm,  and  go  on  to  R,  feparating  from  one  another 
according  to  their  different  Degrees  of  Refrangibility  ;  whilft  a 
icw  of  them  are.  reflefted  to  the  Eye  in  the  Direftion.I  £• 

But 
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.      But  if  the  Prifm  be  in  the  Pofition  ACB  {Ftg,  60.)  moft  of  the  Jf??  60. 
Rays  of  the   Candle  K,    incident  at  I,    on    the  Plane  A  B    (after 
having  paffed  perpendicularly  through  the  Plane  B  C)  arereaedted 
and  paffing  perpendicularly  through   A  C,  go  into  the  Eye  at  E* 
which  fees   a  very  ftrong  Image  of  the  Candle  at  k,  whilft  very 
few  Rays  go  down  to  R  to  produce  Colours, 

Carol.  ]  This  Jhews  that  the  Rays  of  Light  pafs  with  more  Facility 
through  Glafs  (a  denfe)  than  through  the  Air  {a  rare)  Medium  5 
contrary  to  RizzcttiV  AJfertion. 

Exper.  4.]  To  make  this  more  evident,  and  compare  together 
die  Facilities  with  which  Light  paffes  through  the  two  Mediums, 
I  took  a  Cube  of  Glafs  of  three  Inches  the  Side,  A  ^  i  B  ^  D  C, 
whofe  Seftion  is  A  B  C  D,  and  looking  upon  it  from  E  to  fee 
by  Reflexion  the  Candle  K,  I  faw  two  Images  of  it  \  one  at  k  %  61. 
very  faint,  and  reflefted  from  the  upper  Surface  A  B,  and  the  o- 
ther  at  x  very  ftrong,  and  reflefted  from  the  lower  Surface  C  D. 
Now  it  is  evident,  that  the  Vividnefs  for  Brightnefs)  of  the  I- 
magex,  is  to  the  Vividnefs  of  the  Image  k\  as  the  Facility  with 
which  the  Rays  in  thefe  Circumftances  pafs  through  the  Glafs,  or 
through  the  Air  :  And  thofe  are  eafily  compared,  becaufe  both  the 
Images  are  feen  at  once. 

Exfer.  5.]    The  Line  PI  being  perpendicular  to  the  refledHng 
Plane  AB  of  the  Triangle  A  C  B,  I  brought  the  Candle  K  by  De- 
grees fo  near  to  P,  as  to  dimbifti  very  much  the  Angle  of  Inci- 
dence KIP,  which  made  the  Image  or  Appearance  of  the  Candle  Fig.  6«. 
at  *,  become  fainter  by  Degrees,  and  at  laft  as  faint  as  in  Ftg.  50.  Fig.  59' 

Exper.  6.]  Having  made  the  Experiment  as  at  Ftg.  60,  I  preflled/'/;^.  60.  '' 
another  Prifm  D  F  G,  clofe  to  the  Prifm  ABC,  and  when  I 
fqueezed  them  together  but  gently,  fome  of  the  Rays  from  the 
Candle  R,  paffed  through  the  lower  Prifm,  and  falling  upon  a 
Paper  at  R,  made  a  reddifli  Spot ;  but  when  I  fqi^eezed  them  very 
hard,  the'  Spot  became  much  wider,  white  in  the  Middle,  and 
only  tinged  with  Red  about  the  Edges :  At  the  fame  Time  the 
Eye  faw  a  black  Spot  in  the  Image  of  the  Candle  at  * ;  and  a  Stander- 
by  looking  obliquely  at  the  Place  I  (where  the  Glaflcs  touched)  faw, 
as  it  were,  a  little  Hole  through  the  Prifms  as  big  as  the  Spot*.  But 
if  the  Prifms  be  preffed  together  but  gently,  then  all  the  other  Pha;- 
nomena  difappear,  except  the  Brft  little  Spot  at  R,  as  in  Fig.  64.       '''i'-  ^4' 

When  the  Candle  is  feen  by  Refleftion  from  the  lower  Surface  of 
a  Prifm,  as  in  the  60th,  62d  and  63d  Figures,  the  Rays  pafs  quite  ^^^'^^^^^'^J- 
through  that  Surface,  and  are  turned  up  again  by   the  Attra'ftion 
of  it  in  Curve  Lines  fo  as  to  re-enter  the  Prifm,  and  then  (going 
out  again  through  the  Surface  A  C)    go  up  to  the  Eye  at  £.     la  • 

this  Cafe  the  moft  refrangible  Rays,  being  the  moft  eafily  inflefted, 
make  the  leaft  Curves,    whofe  Vertices  are  nearer  the  Glafs  than 
thofe  of  the  greater  Curves  made  by  •the   leaft  refrangible  Rays. 
Vol.  VL  Q^  Tliis 
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This  U  prored  by  Experiment  6,    where  the  under   Prifin  only 
attraSs  down  from  the  Reflcdion  of   the  upper  Prifm^    the  Red 

f/>.  64.  making  Rays  as  in  Fig.  64,.  "where  the  Plate  of  Air  between  the 
Prifms  is  of  fome  fmall  Thickncfs.  But  when  the  Prifms,  whofe 
Surfaces  arc  a  little  convex,  are  prcffed  hard  together,  the  lower 
Prifm  is  near  enough  to  attrad  Kays  of  a  great  Degree  of  Re- 
frangibility  5  and  therefore  the  Spot  then  becomes  white  in  the  Mid- 
dle, and  only  red  about  the  Edges,  which  are  produced  by  fuch 
l^arts  of  the  lower  Prifm  as  are  not  fo  near  the  upper  Prifm. 
.  dTh'tre'are  two  Circumftances  in  the  6th  Experiment,  which  dif- 
prbve  Rizz€Ues  Affcrtion  fPage  125)  viz.  J'bal  there  tj  a  fenftble 
Rifleltion  even  where  Glajfes  touch ;  for  when  the  Prifms  touch  at 

tig.  63.  I  Fig.  63,  the  black  Spot  appearing  in  the  Image  of  the  Candle  k 
fhews  that  there  is  at  I  a  Deficiency  of  thofe  Rays,  which,  coming 
'i  from  the  Mjddle  of  the  Candle,  ufed  to  beirefleded  up  to  the  Eye 
at  E,  and  therefore  that  A  B  the  refleding  Surface  of  the  upper 
Prifm  ceafes  to  refleft  in  a  little  Space  rai^nd  about  I  where  the 
upper  Surface  D  F  of  the  under  Prifm  touches  it;  the  Rays,  which 
before  were  reflcded,  now  ^oing  down  to  make  the  Spot  at  R. 
The  other  Cirouipftance  is  this  ;  that  whereas  a  Paper  k  is  invifible 
to  an  Eye  at  E  by  the  laterpofitiop  of  the  Prifm  D  F  G ;  when 
another  Prifm  A  C  B  is  laid  over  it -and  preffcd  hard,  there  appears 
to  be  an  Hole  of  albout  ^  of  an\IncH  (more  or  lefs  in  Diameter  as 
'  the  prifmatical  Surfaces  arc  more  or  lefs  flat)  tj^r^*  which  the  Paper  at 
*  becomes  vifible  ;  this  being  the  Place  of  Cohtad  where  the  Rc- 
fledion  downwards  (of  the  Surface  D  F)  ceafes.  . 

This  happens  becaufe  thofe  Rays,  which  (coming  from  the  Candle 
K)  were  bent  in  Curves  under  the  Surface  A  B  of  the  upper  Prifm 
about  feveral  Points  near  I,    are  by  the  Nearnels  of  the  Surface 
D  F  of  the  lower  Prifm  brought  down  to  R,  inftead  of  being  turn- 
ed up  again  to  the  Eye  at  E  ;  whilft  thofe  Rays,   which  (coming 
from  the  Paper  at  k  thro*  the  Surface  G  F  of  the  lower  Prifm,  and 
patflkig  thro*  the  upper  Surface  of  it,  F  D)  were  bent  in  Curves  a- 
bout  feveral  Points  near  I,  are  prevented  from  turning  down  again 
to  R,  and  are  brought  up   to  the  Eye   at  E,  which  confequently 
mull  fee  a  round  Part  of  the  Paper  at  *,  juft  as  big  as  the  Place  of 
Contad,  which  appears  like  an  Hole ;  or  as  if  the  two  Prifms  be- 
ing changed  to  a  Parallelopiped,  were  covered  with  a  dark  Paper 
that  had  only  a  fmall  Hole  in  it. 

But  to  make  this  more  evident,  efpecially  to  fuch  as  are  not 
well  acquainted  with  Sir  Ifaac  Newton's  Opticks,  I  beg  Leave  to 
explain  the  Manner  of  the  Bending  of  Rays,  where  they  are  refradtcd 

•  or  refleded. 

0/ 
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Of  the  Bending  of  the  Rays  in  tbeir  Refraftion. 

Schol  !•]  Let  D  D  (Fig.  65.)  rcprefcnt  a  denfe  Medium  (as  Glafs)  Fig.  65. 
whofe  Surface  is  G  G,  and  A  A  a  rare  Medium  (as  Air).  Novr 
kc  us  fuppofe  a  Pgwer  to  extend  all  over  the  Surface  G  G,  afting 
from  A  A  towards  DD  in  Lines  perpendicular  to  the  Surface 
G  G,  very  ftrong  in  Contad,  but  infenfible  at  a  very  fmall  Dif. 
tance  from  the  faid  Surface,  which  we  will  call  the  AuraSlion  of 
ibe  Surface  G  G,  without  confidering  whether  it  be  any  real  Vir- 
tue in  the  faid  Sur&ce,  or  the  A&ion  of  a  Medium  impelling  to* 
wards  it.  Let  Lines  ii,  22,  gg,  fuch  as  exprefs  the  Lines  in  which 
the  Attradtion  exerts  it  fclf,  and  the  Line  M  M  f extremely  near 
to  G  G)  the  Limits  of  the  Attraftion,  beyond  which  it  cannot  af- 
feft  a  Ray  of  Light.  Let  the  Ray  of  Light  R  a  moving  from  a 
rare  Medium  into  a  denfe  in  the  Diredion  Rr,  come  towards  the 
Surface  G  G  in  fuch  an  Angle  that  it  may  be  refraded.  When 
the  Ray  comes  to  a^  by  the  Attraction  at  a  it  will  be  adted  up. 
on  in  the  Line  tfb,  and  (by  the  known  Laws  of  Mechaniclcs)  be 
turned  out  of  the  Way  into  die  Dire&ion  a  a,  inftead  of  ^  r :  When 
it  is  got  to  b^  being  adled  upon  in  the  Diredlion  b  4,  its  new  Di- 
reftion  will  become  *b:  Atr,  by  the  Power  adting  in  the  Line 
c  s%  it  will  change  its  Dire6tion  to  c  c  \  and  laftly,  at  d  it  will  go 
mto  the  Glais  in  the  Line  dd^  continuing  in  that  ftreight  Line 
whilft  it  moves  in  that  Medium. 

Now  if  the  Lines  11,  22,  33,  »,  ^,  bj  a^  be  infinitely  near  (as 
Acy  muft  be  fuppofcd  to  be)  the  Ray,  inftead  of  being  broken 
into  the  feveral  ftreight  Lines  abj  bc^  and  c  d^  will  be  bent  into 
the  Curve  abc  d%  and  the  emergent  Ray  dd  will  make  the  fame 
Angle  with  the  Incident  Ray  R  r  as  if  the  Refradtion  had  been 
made  at  once  at  the  Points,  which  Point  may  be  confidered  as 
b  the  Surface  G  G,  becaufe  M  M  has  been  fuppofed  extremely 
near  that  Surface :  Then  alfo  may  Refradions  be  confidered  in  grofs, 
and  Rays  trac'd,  in  all  Optical  Propofitions,  as  if  there  were  no 
fuch  Curve  as  what  we  have  been  defcribin^. 

Again,  let  D  {Fig.  66.)  reprefent  the  denfe  Medium  or  Glafi,  and  Fig.  6& 
A  the  rare  Medium  or  Air  ;  R  ^  a  Ray  of  Light  coming  out  of 
the  denfe  Medium  into  the  rare,  in  the  DireAion  R  r,  in  which 
it  may  be  refradbed  (as  for  Example,  in  an  Angle  of  30  D^rees 
with  the  Perpendicular  P^).  Let  MM  be  the  Line  which  limits 
the  Attraction  of  the  Surface  G  G,  which  Attradtion  is  exerted  in 
Lines  tending  perpendicularly  from  M  M  to  G  G.  As  foon  as  the 
Ray  of  Light  hath  emerged  at  a^  it  is  attra&ed  in  the  Diredion 
M  P,  and  therefore  diverted  from  the  Line  a  r,  into  the  new  Dircdtion 
41  a  ;  at  ^,  it  is  turned  into  the  Line  ^  b ;  at  r,  into  the  Line  re; 
and  at  4  into  the  Line  ^d  ;  fo  that  the  emergent  Ray  will  be  id* 
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as  if  the  Ref  raftion  had  been  performed  in  the  Point  »,  and  that 
Point  was.  in  the  Surface  G  G,  without  any  Curve  at  abed  i  and 
all  the  reft  as  we  confidered  it  before,  with  this  Difference  only,  vix. 
That  the  Ray  is  bent  juft  as  it  comes  out  for  rather 'when  it  is 
come  out)  of  the  denfe  Medium ;  whereas  before  we  confidered  ixa 
Bending  before  it  came  into  it. 

Of  tbi  Bending  of  Rajs  in  Reflexion. 

Fiz*  67.  ScboL  2.]  But  if  the  Ray  R  a  (Fig.  6y.)  coming  out  of  Glafs  iit- 

to  Air,  Ihould  come  in  fuch  a  DireAion  as  to  be  wholly  refleft- 
ed,  as  it  will  do  when  the  Angle  R  a  P  is  of  45  Degrees ;  I  fay 
the  Reflexion  will  not  be  made  at  the  Surface  G  G,  nor  above  it 
in  the  Glafs ;  but  under  the  faid  Surface,  in  the  Air,  or  even  in  a 
Vacuum,  or  any  Medium  lefs  denfe,  or  rather  lefs  refradive  than 
Glafs. 

M  M.  reprefents  the  Limits  of  the  Attraftion  of  the  Glafs  exerted 
in  a  Diredion  from  M  M  to  G  G  perpendicularly,  as  we  faid 
before. 

The  Ray  R  a^  moving  in  the  Diredlion  R  r,  at  its  Emerfion  at 
a  J  is,  for  the  Reafons  before  given,  turned  into  the  Diredion  az\ 
then  at  h^  into  the  Direftion  i  b  5  at  f ,  into  the  Direftion  re;  at 
, J,  into  the  DireftiOn  id;  at  ^^  into  the  Dffcdtion  e  e ;  and  at  /, 
into  the  Dire<5tion/f  parallel  to  GG;  then  at g,  the  Ray  is  again 
turned  towards  the  Glals,  by  whofc  Attraftion  changing  fucceffive- 
ly  into  all  the  Dircftions  g  g,  i  i,  k  k,  and  / 1 ;  at  laft  it  re-enters 
the  Glafs  in  the  Direction  mm  making  the  fame  Angle  with  tlve 
Perpendicular  m  p  that  R  a.  made  with  a  P.  Now  as  the  Lines  per- 
pendicular to  G  G  drawn  from  M  M  are  infinitely  near,  die  Line 
ab  c  defgbik  Im  mnft  be  a  Curve;  and  as  M  M  and  GG  are 
extremely  near,  the  Vertex  of  the  Curve  (whofe  Tangent  is/f  pa- 
rallel to  G  G)  will  be  fo  near  the  Point  I,  as  to  be  confidered 
as  co-inciding  with  it,  when  we  compare  the  Angle  of  Incidence 
with  that  of  Refledion  ;  then  alfo  will  the  Space  between  the  Pa- 
rallels pm  and  P  ^  be  fo  far  diminifhed,  that  thofe  two  Lines  may 
be  looked  upon  as  co-inciding,  the  Angles  tnmp and  R  aF  being 
equal,  whether  the  three  Points  w,  I,  ^  co-incide  or  not. 
^  For  thefe  Reafons,  for  common.  Ufc,  one  may  confider  the  Reflec- 
tion from  the  under  Surface  of  the  Glafs  as  made  at  once  in  that 
Surface  at  the  Point  I.  But  when  we  examine  Things  ftriftly.  Ex- 
periments as  well  as  the  above  Reafoning,  will  fliew,  that  there  is 
fuch  a  Curve  as  we  have  mentioned,    5^^  Experiment  VI.  F/g,  6^, 

Ffi'  f>i»  64-    and  64  :  and  we  (hall  mention  others. 

.  N.  B.  If  any  Point  of  the  Curve  ab  Cy  &c.  between  a  and/,  faH 
below  (or  beyond  the  Line  M  M,)  the  Ray  will  then  go  on  in  a 
ftraight  Line  Tangent  to  the  Curve  in  that  Point  where  it  leaves 
the  Line  MM. 

Now 


in  Reflexion.  117 

■  NoW  let  us  fupp6fe  M  e  d  c  b  a  r  M  (m  the  'feine  Pig^ )  W  be  Glafsi 
or  any  other  denle  Medium,  and  m  p  P  R  Aif,  or  any  other  rare 
Medium,  and  R  /?  a  Ray  of  Light  moving  in  the  rare  Medium  to- 
wards  the  denfe  Medium  in  the  Direftion  R  a  towards  r  ;  if  inftead 
of  an  Attra^ion  at  the- Surface  of  the  Glafs  MM,  there  be  fup- 
poied  a;  repellent  Force,  whofe  Limits  afc  G  G  ;  then  will  the  Ray 
by  the  Repulfion  of  the  Surface  M  M  be  bent  into  the  Curve 
ab  c  defgb  iklm  in  the  fame  Manner  as  we  fhewed  it  would 
be  under  the  Surface  G  G,  when  Gp  P  G  was  confidered  as  a 
denfe  Medium.  Hence  it  follows  that  a  Ray  moving  in  the  Air, 
is  reflcded  from  a  fpecular  Surface  of  Glafs,  or  any  other  Mirrour, 
opake  or  diaphanous,  without  touching  the  faid  Surface. 

N.  B.  That  the  fame  Power  may,  under  different  Circumftances^ 
attract  to  and  repel  from  the  fame  Surface,  fhall  he  made  out  in  the 
remaining  Part  of  this  Papery  hut  now  taking  fucb  a  Power  for  grant- 
ed, we  will  proceed  in  conftdering  the  Flexure  of  Rays  of  Light. 

Let  us  fuppofe  a  Prifm  ACB  (Bg^  68.)  to  have  the  attrafting -,^. 
Power  of  its  inferior  Surface  extend  as  far  as  the  Line  mm\  if  an-  ^^'  ' 
other  Prifm  G  D  F  (the  attrafting  Force  of  whofe  upper  Surface  ex- 
tends as  far  as  n  n)  be  brought  very  near  to  the  firft  Prifm  i  where 
the  attrafting  Powers  of  the  Prifms  interfere,  they  will  deftroy  one 
another,  becaufe  they  aft  in  contrary  Direftions;  and  thereby  the 
Limits  of  Attraftion  of  each  of  the  Surfaces  will  be  contrafted ; 
the  Power  of  AB  extending  no  farther  than  n  n,  and  that  of  D  F 
no  farther  than  m  m,  whilil  the  Space  nn  mm  lofes  all  the  Force 
that  it  had  (and  would  have  upon  the  Removal  of  either  Prifm) 
to  turn  a  Ray  of  Light,  moving  obliquely,  out  of  its  Direftion. 

Now  in  this  Situation  of  the  PrMms,  a  Ray  of  Light  entringthe 
Surface  CB  at  right  Angles,  will  go  through  the  fecond  Prifm  al- 
fo  at  r^ht  Angles  (not  exaftly  in  the  fame  Line,  but)  in  a  Line 
parallel  to  the  Direftion  of  the  incident  Ray:*  For  Example,  let 
the  Ray  R  a  (not  refrafted  at,  becaufe  perpendicular  to,  the  Sur- 
face C  B)  emei^e  from  the  firft  Prifm  at  a,  in  the  Direftion  a  r; 
its  changed  Direftion  at  a  will  become  a  a,  and  at  h^  h  b,  or  ra- 
ther the  Ray  will  be  inflefted  in  the  Curve  ah  5  and  at  b  getting 
out  of  the  Power  of  the  Attraftion  of  the  Surface  A  B,  it  will  (for 
the  Reafons  before  givenj  move  in  a  ftraight  Line  from  h  to  r, 
where  it  will  be  bent  again  the  contrary  Way  in  the  Curve  cd 
of  the  fame  kind  zs  ah,  and  laflly  emerge  in  the  Direftion  ^d 
parallel  to  the  firft  Direftion  R  r.  From  hence  it  follows,  that 
when  the  Prifms  are  brought  fo  near  as  to  touch,  their  mutual  At- 
traftions  deftroying  each  other,  the  Rays  of  Light  will  not  be 
bent,  but  pafs  through  the  two  Prifms  (which  in  this  Cafe  perform 
the  Office  of  a  Parallelepiped)  in  the  fame  Direftion  with  which 
they  came  into  the  firft  Prifm,  aiid  confequently  produce  no*  Co- 
lours ',  contrary  to  what  is  affirmed  by  Rizzetti  {Page  yS^  79,  &c.; 

and 
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and  when  the  Rays  R  ^  fell  -obliquely  upon  the  Sarface  CB,  the 
Effeft  of  their  Refraftion  at  their  Immerfion  at  S  to  produce  Co- 
lours, is  taken  oflF  by  the  Refradion  which  they  fuffer  at  their  E- 
tnerfion  at  z. 

//>.  6i.  Exper.  7.]  I  took  the  Cube  of  Fig.  61.   and  looking  obliquely 

thro*  it  at  the  Hole  of  the  Window  of  my  dark  Chamber  (the  Sun 
(hining  or  not  (hining)  the  Hole  appeared  entirely  colourlefs,  as  did 
alfo  a  Candle,  both  appearing  fringed  with  Colours  when  feen 
through  the  Prifm.     Then  holding  two  Prifms  together,  as  in  Fig. 

Fig.  63-  63.  if  the  Hole  of  the  dark  Chamber  be  at  k,  it  appears  white  to 
the  Eye  at  E  ;  but  if  the  Angles  of  the  Prifms  at  B  F  be  a  little 
feparated,  whilft  the  Points  A  D  touch,  the  Hole  will  appear  co- 
loured :  When  the  Surfaces  are  feparated  at  A  D,  and  touch  at 
B  F,  the  Colours  appear  in  an  inverted  Order ;  but  if  the  Sur- 
faces A  D  and  B  F  are  parallel,  whether  they  touch  or  not,  the 
Hole  will  appear  white. 

N,  B.  In  ibis  Cafe  the  Prifms  muft  he  fimilar^  that  the  Surface 
F  G  may  be  parallel  to  AC  \  otherwife  A  B  andD  F  muft  be  fo  /»- 
^  dined  to  one  another  as  to  render  AC  and  FG  parallel.  Indeed 
"  if  one  of  the  Prifms  be  very  far  removed  from  the  other,  the  bete^ 
rogeneous  Light  which  entered  in  at  F  G,  may  be  fo  far  fpread  by  the 
Separation  of  the  differently  refrangible  Rays,  that  the  Prifm  ABC 
will  not  take  it  all  in ;  then  the  Eye  behind  the  fecond  Prifm  may 
fee  Colours,  as  I  fuppofe  Rizzetti  did.    See   Page  79  of  his  Book. 

Fig.  68.  If  the  Ray  of  Light  R  abed  d{Fi^.  68.)  changing  its  Diredlion 

in  the  Manner  above-mentioned,  makes  an  Angle  of  about  45 
Degrees  with  the  Perpendicular  Fa\   upon    the    removal  of  thwe 

J%.  67.  lower  Prifm,  the  Ray  will  be  turned  upagafn,  as  in  Pig  67.  But 
if  the  Angle  P  ^  R  be  greater,    the  Ray  will  ftill  be  turned  up 

:Jig.  ^^.  again  in  a  Curve,  as  abcdef.  Fig.  59.  notwithftanding  the  lower 
Prifm  is  at  DF  G  5  but  if  that  Prifm  be  brought  up  clofertothe 
Surface  AB,  the  Curves  will  be  deftroyed  where  the  Prifms  touch, 
and  all  the  Rays  in  the  Place  of  Contad:  brought  down  through  the 
lower  Prifm. 

The  moft  refrangible  Rays  confift  of  fmaller  Particles  than  the 
leaft  refrangible  Rays,  and  therefore  muft  have  leaft  Momentum,  the 
Velocity  of  all  the  Rays  being  the  fame ;  and  confequently  are 
more  eaGly  turned  out  of  the  Way  by  Attradkion  or  Repulfion^ 
which  makes  the  Curves  made  by  the  purple  and  violet  Rays  under 
the  Surface  A  B,  to  be  lefs  and  nearer  the  faid  Surface  than  the 
Curves  made  by  red  and  orange  Rays. 

^g'69.  Suppofe  a  Violet  R  a  moving  in  the  Direftion  Rr,  Fig.  6g.  to  be 

fo  bent  under  the  Surface  AB,  that  at  the  Vertex  of  the  Curve,  or 
•where  its  Tangent  f  c  is  parallel  to  A  B,  there  ftill  remains  a  fmall 
Space  between  the  Curve  and  the  Line  n  n,  where  the  Limits  of 
Attradion   (contracted  by  the  Proximity  of  the  undermoft  Prifm 
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DFG  end)  that  Ray  will  be  turned  up  again  in  the  Culrei/^/, 

and  fo  reflefted  in  the  Line/f,  the  DireAions  having  been  fucceffive- 

ly  changed,  as  in  Fig.   67,      But  a  red  Ray  with  the  fame  Incli-  Ttg.  67. 

nation,  would  pafs  on  into  the  lower  Prifm,    as  was  explained  in 

Fig.  68.     Becaufe   the   Momentum  of  the  red  Ray  being   greater /v^  gg. 

than  that  of  the  violet,    the  fame   Degree  of  Attraftion  cbuld  not 

give  it  the  fame  Flexure. 

This  is  confirmed  by  Experiment;  for  when  the  lower  Prifm  is  not 
prefled  hard  againft  the  upper  (as  in  Ftg.  64.)  the  Rays  brought  pi  ^ 
down  to  R  make  a  Spot  of  a  Colour  made  up  chiefly  of  red  and  ^^' 
orange  Rays ;  but  when  the  Prifms  are  prefled  clofer,  the  Spot 
grows  bigger  and  perfedly  white  in  its  Middle,  becaufe  all  Sorts 
of  Rays  are  brought  down  to  the  Spot  ;  but  it  is  inclofed  round 
with  a  rcddifli  Border,  occafioned  by  the  Parts  of  the  Prifm  which 
are  very  near,  but  not  in  Contad,  or  at  leaft  not  near  enough  to 
bring  down  the  green,  blue,  purple  and  violet  Rays. 

nis  Jhev)s  that  the  Reflexion  is  not  made  from  the  interior /olid 
Parts  of  the  Glafs^  nor  from  the  Parts  in  the  Surface^  as  Rizzetti 
affirms.     But  this  is  made  more  evident  by 

Exper.S.]  A  Candle  being  in  the  Pofition  K,  the  Eye  at  E,  and /y;^.  70. 
the  Prifm  at  A  B  C  ;    a  ftrong  Image  of  the  Candle  was  feen  at 
k  as  in  Ftg.  60.      But  lifting  up  a  Veflfel  of    Water   V  S  S  V  till  F:g.  6«. 
the  Surface  of  Water  V  V  touched  A  B  the  lower  Surface  of  the 
Prifm,   the  Image  of  the  Candle  became  almofl:  infcnfible,    as  the 
Eye  loft  all  thofc  Rays  which  now  were  attrafted  into  the  Water. 
And  for  a  farther  Proof,    that^he  RefleiSion  is  made  under  the 
Sur&ce  and  not  in  it,  when  the  Prifm  was  taken  out  of  the  Wa- 
ter, being  wet  at  its  lower  Surface,  or  having  a  Stratum  of  Water 
(whole  Surface  was  W  Fig.  71.)  under  A  B,   the  Image  of  the  Fig,  71. 
Candle  did  again  become  vivid,   the  Rays  being  turned  up  again 
under  V  V.     Indeed  the  Image,    in  this  Cafe,    though  ftrong,  did 
not  appear  well  defined,  by  Keafon  of  the  Unevennefs  of  the  watry 
Sarfecc  VVi?i^.7i. 

I  am  very  well  aware  that  Rizzetti  may  anfwer  here,  that  what 
I  have  faid  above,  does  in  fome  Meafure  favour  his  Notions  ;  and 
that  the  Rays  which  (in  Ftg.  60.  having  paflfed  through  A  B,    the  Ftg.  60. 
lower  Sur&ce  of  the  Prifm)  are  turned  up  again  to  the  Eye  at  E, 
do  not  fuflfer  a  Refleftion  but  a  new  Immerfion  ;   for  he  fays,    in 

Pi^e  125. "  Anglus  (meaning  Sir  Tj^^r  Newton)  fecundo  fub- 

**  jungit,  quod  Ji  lumen  in  tranfttu  e  vitro  in  aerem  ohliquius  incidat^ 
**  quam  in  angulo  graduum  40,  illud  in  totum  refe£iitur.  Ego  ver6 
•'  refpondeo,  quod  ex  iis,  quae  docui  in  Ptvp.  4.  Cap,  i.  elicitur 
**  hanc  non  efle  veram  luminis  refle&ionem,  fed  potius  novam 
«*  Immerfionem  ;  &  ideo  nego  quod  ex  ifto  Phaenomeno  fequatur 
**  lumen  a  partibus  corporum  fplidis,  aliquo  interjefto  intervallo^ 
"  rcflcftu'*     And  a   litde  lower,   having  quoted  what  Sir  Ifaac 

.  Newton 
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*  tJewtM  fayi,  concerning  the  blue )  L^ht,  which  coming  from  onS 

Prifm  obliquely  upon  the  farther  Surface  of  another,  is  whoUy  re- 
flefted,  at  the  fame  Inclination  that  the  red  Light  is  wholly  tranf- 
fitted.  —  He  fays,  "  Satis  fit  iterum  refpondere,  quod  in  hocetiam 
«'  cafu  eft  nova  luminis  immerfio,  quae  dicitur  ab  audore  refledio. 

But  this  is  only  caviiling  about  Words ;  for  if  the  Ray  of  Light, 
which  moving  in  a  dcnfe  Medium  falls  obliquely  on  the  Surface 
common  to  that  and  a  rarer  Medium,  be  turned  back  again  in  the 
.  denfe  Medium,  fo  as  to  make  the  Angle  in  which  it  returns  from 
the  faid  Surface  equal  to  that  in  which  it  came  to  it ;  this  Return 
of  the  Ray  may  properly  be  called  a  RefleStionj  whether  the  Ray- 
be  turned  back  at  the  Point  of  the  Incidence  in  the  Surface,  or 
be  carried  about  the  Point  of  Incidence  in  a  fmall  Curve,  ^hoie 
Confideration  may  be  omitted  in  tracing  the  Way  of  a  Ray  of 
Light  in  its  Paffage,  for  making  of  optical  Machines.  Whoever 
reads  the  8th  Prop,  of  the  2d  Party  Book  II.  of  Sir  7/i^'s  Opticks, 
may  very  eafily  find  that  he  was  not  ignorant  of  the  turning  back 
.of  the  Ray  under  the  Surface  of  the  Glafs  before  it  returned  into 
it:  And  tliough  the  Reflexion  in  that  Cafe  be  not  made  by  im- 
pinging on  the  folid  Parts  of  the  Glafs,  yet  it  is  owing  to  them  that 
the  Light  faded  upon  at  a  Diftance)  is  turned  up  again,  as  has 
been  (hewn  by  feveral  of  the  Experiments  abovementioned. 

Now  let  us  fee  how  Rizzetti^s  Account  of  the  new  Immerfion  a* 
grees  with  Pbanomena.  . 
F'i'  72-  Let  all  above  the  Line  P  p.(jRg-  7^0  ^  ^  denfe  Medium,    as 

Glafs  ;  and  all  below  it  a  rare  ^edium,  as  Air  %  A  B  C  D  is  a 
.Beam  of  Lighs  infenfible  in  Thicknefs,  but  of  fome  Breadth,  whofe 
Rays  cohere  to  one  another,  and  whofe  Section  or  firft  Line  is  B  C. 
-If  the  Medium  in  which  B  C  is,  did  not  change,  B  C  would  move 
.parallel  to  it  felf  in  the  Lines  B  a  and  C  i;  but  as  the  End  C  of 
vthe  Line  BC  comes  out  into  a  rare  Medium,^  which  being  of  Jeis 
Refiftance  to  Light  (for  fo  he  fuppofes)  the  Point  C  nK>ving  with 
more  Facility  than  the  Point  B  defcribes  the  Curve  CFH,  whilft 
B  moving  in  the  denfe  Medium  with  more  Difficulty,  defcribes  the 
.Icfler  Curve  B  EG ;  then  the  Point  C  being  got  to  H  is  re-im- 
merfed,  and  the  Line  B  C  being  got  to  H  G  goes  on  in  the  Dircftion 
H  K  G  L  parallel  to  itfelf,  drawing  the  Beam  after  it  in  a  re<5ti- 
Jinear  Direftion,  after  Part  of  it  has  been  bent  within  the  Glafs  and 
.Part  of  it  without. 

Now  if  this  be  true,  and  P  p  t  be  a  Prifm,  I  beg  to  know  what 
.becomes  of  the  Line  at  E  F  which  unites  the  Rays  of  the  Beam  a- 
bout  the  Point  of  Incidence  I,  when  Water  is  brought  to  touch 
^he  Surface  Pp,  as  atJVB  Fig.  70?  If  it  J>e  faid  that  Water 
'^^S'lo.  making  a  great  Refiftance,  though  not  fo  great  as  Glals,  the 
.Curve  BEG  deviates  fo  little  from  the  Line  Ba  that  the  Point 
E  comes  below  I,  and  the  Beam  is  wholly  rcfrafted  5  I  ask  whence 

comes 
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cttao  die  (aint  Image  at  k?    If  ic  be  anfwered,  that  fome  Part 

E I  of  the  Line  E  F  Fig.  72.  is  turned  up  to  the  Eye  at  E  {Pip  70,)  ttg.  ju  70- 

what  becomes  of  the  lateral  Cohefion  ot  Light  on  which  Rizzetti 

founds  his  chief  Propoficion,  and  from  which  he  draws  his  Confe- 

quences? 

It  would  be  tedious  as  well  as  ufelefs  to  be  particular  in  fhewing 
all  Rizzetti*%  Miftakes ;  therefore  I  fliall  only  mention  one  more 
Experiment  from  Sir  Ifaac  NewtoHj  which  I  repeated  on  Account 
of  what  is  faid  in  Rizzetti*s  Preface,  PageiS^  viz.  that  if  (accord- 
ing  to  Sir  Ifaac)  Rajs  were  differently  reflexibley  Colours  muft  bepro^ 
duced  by  RefleSion  from  a  plane  Surface  ;  buttbisy  fays  our  Author, 
is  contrary  to  Experience.     Now  this  his  Aflcrtion  is  difproved  by 

Exper.  9.]  As  this  Experiment  was  made  exactly  in  Sir  Ifaac  New- 
torfs  Manner,  and  with  the  fame  Succefs,  I  refer  you  to  his  own  Ac- 
count.    Vid.  in  Book  I.  Part  IL  Exper.  16. 

If  this  Account  needs  any  farther  Explanation,  let  us  fuppofe  CAB 
thcSeftionof  the  Prifm  in  Fig,  13  oiSxv  Ifaac  Newton^  transferred  to  Fig-  Ftg.  73. 
73.  at  A  C  B.  If  R  ^  be  a  red  Ray  inclined  to  a  Perpendicular  to 
A  B  in  an  Angle  of  more  than  41  or  42  Degrees,  it  will  at  its  . 
Emerfion  under  the  Surface  A B  be  turned  into  the  Curve  onmi^ 
and  fo  go  up  again  to  the  Eye  at  E  5  but  another  red  Ray  coming  in 
the  Dire6lion  r  n  making  an  Angle  with  the  Perpendicular  fuffi- 
ciently  lefs,  will  after  its  Emerfion  at  »,  be  only  bent  fo  much  as 
to  be  turned  out  of  the  Way,  and  refrafted  to  y,  in  an  Angle  of 
'Refraftion  agreeable  to  the  Refrangibility  of  red  Light.  But  V  m 
a  violet  Ray  with  the  fame  Inclination  as  the  laft  red  one  rn 
fliall  not  be  refradled,  but  turned  up  in  the  Curve  m  i  P,  and  fo 
go  to  the  Eye  at  E.  Another  violet  Ray  vm  making  an  Angle 
lomcthing  lefe  with  the  Perpendicular,  will  oafs  through  the  Glafs, 
and  be  refrafted  in  the  Line  mS.  Upon  this  Account  all  that  Part 
of  the  Bafe  of  the  Prifm  (of  which  A  B  is  the  Seftion)  between  .A 
and  p  will  be  dark  or  faint,  all  that  Part  between  p  and  n  be  ting- 
ed with  a  bluifli  Colour,  and  all  between  0  and  B  of  a  bright 
White. 

P.  S."]  The  Bending  of  Rays  of  Light  juft  as  they  come  to  be 
refleftcd  or  refrafted,  may  be  eafily  underftood  by  fuch  as  are  well 
acquainted  with  thofe  Properties  of  Light,  which  Sir  Ifaac  Newton 
calls  their  Fits  of  eafy  Refleifion^  and  Fits  of  eafy  Tranfmiffton ;  with- 
out any  Hypothefis,  by  Confequences  fairly  drawn  from  Expe- 
riments and  Obfervations.  But  as  Signior  Rizzetti  does  not  (eem  to 
have  the  leaft  Notion  of  thofe  Properties  of  Light,  and  the  nice 
Obfervations  on  which  they  are  founded  5  and  feveral  other  Perfons 
have  not  Time  to  read  thole  Parts  of  the  Opticks  with  fufficient 
Application  ;  to  Ihew  how  the  fame  Power  of  the  Surface  of  a 
drafe  Medium  may  both  attraA  and  repel  under  different  Circum- 
ftances  I  content  myfelf  here   with   giving  the  Hypothefis, 
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which  Sir  tfaui:  does  befi>rc  he  comts  to  that  Part  of  his  Fook  wfacrr 
he  dentonftrates  the  Fite  abovementibned. 

1  I  If  <3^  be  the  Surftice  of  a  dcnfe  Mcdmm  G0DG,    ofl  whidi 

v-ft'jTOtii^i:  is  caufed  by  the  Wihrrtith  communicated  to  it  by  the 

TR!ays  brLight,  fo  as  to  give  ^  Wave Jike  Motion  to  the  Medium 

^     4iiTniediat)e>y  next  to  the  Surface  G  (j";  as  that  vibratory  Motion  is 

jscrformod^   the  Medium  akernately  puflies  from  the  Surface,  and 

\  Tetums  t^wrds  it   (as  is  reprcfeoted^  by  the  Pofition  of  the  Darts 

iothe  FigtM:ey),attd  pufhes  back  the  Light,  fo  as  to  refied  it  when  the 

Vibration  is'^coihtcary  to  its  DireAion,  bye  brings  it  down  to  be  re- 

fraftcd  when  Ae  Yibration  confpires  with  the  lame  Motion. 

See  Booh  IL  Part  IIL  Prop.  ii.  of  Sir  Ifaac  Newton'}  Opticks. 

Of  coloured  ^^'  Whfctt-the  Primary  Rainbow  hfe  been  very  vivid,  f  have" 
-//rfi^^/w//W»  obfervM  in  it,  more  than  once,  a  fecohd  Series  or  Colours  within, 
tbe£mm2n  contiguous  to  the  firft,  but  far  weaker,  and  fometimes  a  faint  Ap- 
l^intm,  by  pearancc  even  of  a  third.  Thefe  increafe  the  Rainbow  to  a  Breadth 
N^37'^^^^^Mi^^  exceeding  wHat  has  hitherto  been  determined  by  Calculation. 
^  I  remember,    I   had  once  an  Opportunity  of  making  an  ingenious 

Friend  take  notice  of  this  Appearance,  who  was  much  furpriz'd  at 
^  it,  as  thinking  it  not  to  be  reconciled  with  the  Theory. 
Pay.ztz.  Since  my  laft,    I  have  obfcrv*d  fomething  of  the  fame  Nature, 

though  not  in  the  fame  degree  of  Perfeftion,  the  loweft  Arch  of  a 
faint  Red  inclining  to  Purple,  appeared  and  vanifh'd  feveral  times, 
while  I  was  obferving  it^ 
Pag.  243.  I  begin  now  to  imagine,  that  the  Rainbow  feldom  appears  very 

lively  without  fomething  of  this  Nature,  and  that  the  fuppofed  ex- 
aft  Agreement  between  the  Colours  of  the  Rainbow,  and  thofeof 
the  Prifm,  is  the  reafon  that  it  has  been- fo  little  obferv'd. 

I' have  feen  thole  PhsenomcD^   in   fuch  perfedion    lately,    that 
Pag.  244.      r  can't  help  being  particular  in  my  Account  of  it. 

Auguft  the  2ift,  1722, about  half  an  hour  pafts  in  the  Evening,  Wea- 
ther temperate.  Wind  at  N.  E.  the  Appearance  was  as  follows,  viz. 

The  Colours  of  the  Primary  Rainbow  were  as  iifual,  only  the 
purple  very  much  inclining  to  red,  and  well  defin'd  :  Under  this 
was  ai^  Arch  of  green,  the  upper  Part  of  which  inclined  to  a  bright 
yellow,  the  lower  to  a  more  dusky  green  :  Under  this  were  alter- 
nately ,two  Arches  of  reddifli  purple  and  two  of  green :  Under  all  a 
faint  Appearance  of  another  Arch  of  purple,  which  vanifli'd  and 
rctum'4T^5rpral  times  fo  quick,  that  we  cou'd  not  fteadily  fix  our 
Eyes  upon  it.    Thus  the  Order  of  the  Coipprs  was 

;       J_  ' 

I.  *Re^   Orange-Colour,  'Yellow^   Green,    Light-BJu:,    Deep- 
:  Blucy  Purple. 


II.  Light-Green,  Dark-Green,  Purple. 


'at 
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m.  Green,  Purple. 

IV.  Green,  faint  vanifliing  Purine. 

You  fee  we  had  here  four  Orders  of  Colours^  and  perhaps  the 
beginning  of  a  fifth,  for  I  make  no  queftion  but  that  what  I  call 
the  Purple,  is  a  Mixture  of  the  Purple  of  each  of  the  upper  Series 
with  the  Red  of  the  next  below  it,  and  the  Green  aMixmreof  the 
intermediate  Colours.  I  fend  you  not  this  Account  barely  upon 
the  Credit  of  my  own  Eyes  %  tor  there  was  a  Clergyman  and  four 
other  Gentlemen  in  Company,  whom  I  defir'd  to  view  the  Colours 
attentively,  who  all  agreed,  that  they  appeared  in  the  manner  that 
I  have  now  defcrib'd. 

There  are  two  things,  which  well  deferve  to  be  taken  notice  of, 
as  they  may  perhaps  diredt  us  in  fome  meafure  to  the  Solution  of 
Ais  curious  Phacnomenon. 

The  ift  is. 

That  the  Breadth  of  the  firft  Series  fo  far  exceeded  that  of  any 
of  the  reft,  that  as  near  as  I  could  judge,  it  was  equal  to  them  all 
taken  together. 

The  2d  is. 

That  I  have  never  obferv'd  thefe  inner  Orders  of  Colours  in  th* 
lower  Parts  of  the  Rainbow,  tho*  they  have  often  been  incompa* 
rably  more  vivid  than  the  upper  Parts,  under  which  the  Colours 
have  appeared.  I  have  taken  notice  of  this  fo  very  often,  that  I 
can  hardly  look  upon  it  to  be  accidental,  and  if  it  (hould  prove 
true  in  general,  it  will  brin^  the  Difquifition  into  a  narrow  Com* 
pals  -,  for  it  will  fliew  that  this  EBeft  depends  upon  fome  Proper- 
ty, which  the  Drops  retain,  whilft  they  are  in  the  upper  part  of 
the  Air,  but  lofe  as  they  come  lower,  and  are  more  mix'd  wfCh 
one  another. 

IIL  Let  A  B  rcprefenta  Drop  of  Rain,  B  the  Point  from  whence  73^^  dhovmiit- 
the  Rays  of  any  determinate  Species  being  reflefted  to  C,  and  jxUt^^ntd  Appear- 
terwards  emerging  in  the  Line  C  D,    do  proceed  to  the  Eye,  ^rA'Z^^ 
caufe  the  Appearance  of  that  Colour  in  the  Rainbow,    which  ap-  Pembcrton! 
pertains  to  this  Species.     It  is  obferved  by  Sir  IJaac  Newlan^j  thatN^37S.^345. 
in  the  Refleftioii  of  Light,  befides  what  is  refleAed  regularly,  fome 
fmall  part  of  it  is  irregularly  fcattered  every  way.     So  tliat  from  the  fig,  75. 
Point  B,  befides  the    Rays  that  are  regularly  refleded  from  .B  to 
C,  fome  fcattered   Rays   will  return  in   other   Lines,    as  in  B  E, 
B  F,  B  G,  B  H,  on  each  Side  the  Line  B  C.    Further  it  muft  be 
noted  from  Sir  Ifaac  Newton  t»   that  the  Rays  of  Light  m  their 

•  Optics,  Book  n.  Part  4.         t  Ibid-  P^rt  IIL  Prop,  xii. 

^  R  2  '     Paffage 
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Taflage  from  one  Superficies  of  a  refrading  Medium  to  the  odter 
undergo  alternate  Fits  of  eafy  Tranfmifljon  and  Rctleftion,  fucceed- 
ing  each  other  at  equal  Intervals ;  infomuch  that  if  they  reach  the 
further  Superficies  in  one  fort  of  thofe  Fits, ''they  (hall  be  tranfm it- 
ted  ;  if  in  the  other  kind  of  them,  they  (hall  rather  be  refleded 
back.  Whence  the  Rays  that  proceed  from  B  to  C,  and  emerge  in 
the  Line  C  D,  being  in  a  Fit  of  eafy  Tranfmi(rion,  the  fcattered 
Rays  that  fell  at  a  fmall  Diftance  without  thefe  on  either  fide,  (fup- 
pofe  the  Rays,  that  pafs  in  the  Lines  BE,  BG)  (hall  fall  on  the 
Surface  in  a  Fit  of  eafy  Reflexion,  and  (hall  not  emerge  ;  but  the 
fcattered  Rays,  that  pa(s  at  fome  Diftance  without  thele  laft,  (liall 
arrive  at  the-  Surface  of  the  Drop  in  a  Fit  of  eafy  TranfmKTion, 
and  break  through  that  Surface.  Suppofc  thefe  Rays  to  pafs  in 
the  Lines  B  F,  B  H  ;  the  former  of  which  Rays  (hall  have  had  one 
Fit  more  of  eafy  Tranfmiflion,  and  the  latter  one  Fit  le(s,  than 
the  Rays  that  pafs  from  B  to  C.  Now  both  thefe  Rays,  when 
they  go  out  of  the  Drop,  will  proceed  by  the  Refraftion  of  the 
Water  in  the  Lines  F  I,  H  K,  that  will  be  inclined  almoft  equal- 
ly to  the  Rays  incident  on  the  Drop,  that  come  from  the 
Sun,  but  the  Angles  of  their  Inclination  will  be  lefs  than  the 
Angle,  in  which  the  Rays  emerging  in  the  Line  CD  are  inclined 
to  thofe  incident  Rays.  And  after  the  fame  manner  Rays  feat- 
ured from  the  Point  B,  at  a  certain  Diftance  without  thefe,  will 
emerge  out  of  the  Drop,  while  the  intermediate  Rays  arc  inter- 
cepted ;  and  thefe  emergent  Rays  will  be  inclined  to  the  Rays  in- 
cident on  the  Drop  in  Angles  ftill  lefs  than  the  Angles,  in  which 
the  Rays  FI  and  HK  are  inclined  to  them;  and  without  thefe 
Jlays  will  emerge  other  Rays,  that  (hall  be  inclined  to  the  inci 
.dent  Rays  in  Angles  yet  lefe.  Now  by  this  means  will  be  form- 
ed of  every  kind  of  Rays,  befides  the  principal  Arch  which  goes 
Co  the  Formation  of  the  Rainbow,  other  Arches,  within  every  one 
of  the  Principal,  of  the  fame  Colour,  though  much  more  faint  : 
and  this  for  divers  Succefllons,  as  Jong  as  thefe  weak  Lights,  which 
in  every  Arch  grow  more  and  more  obfcure,  fhall  continue  vifible. 
Now  as  the  Arches  produced  by  each  Colour  will  be  varioufly 
maed  together,  the  diverlity  of  Colours  obferved  by  Dr.  LangwUb 
may  well  arife  from  them. 

The  precife  Diftances  between  the  principal  Arch  of  each  re- 
fpeftive  Colour  and  thefe  fainter  correspondent  Arches  depend  oa 
the  Magnitude  of  the  Drops  of  Rain.     In  particular,    the  fmalJeft 
, Drops  will  make  the  fecondary  Arches  of  each  Species  at  the  great- 
eft  Diftance  from  their  refpeftive  Principal,  and  from  each  other. 
Whence,  as  the  Drops  of  Rain  incrcafe  in  falling,  thefe  Arches  near 
the  Horizon  by  their  great  Ncarnefs  to  their  refpeftive  principal 
Arches  become  vi(iblc. 
Of  RifroBing     And  now.  Sir,  we  are  upon  the  Rainbow,  I  (hall  here  take  the 
^^''l^''*^"'^  Freedom  of  fcttingdown  two|  Propofitions,   which  I  have  former! v* 
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tonddered,  relating  to  this  Subjedt.  For  the  greater  Brevity  I  fball 
deliver  them  under  the  Form  of  Porifms ;  as,  in  my  Opinion,  the 
Ancients  called  all  Propofitions  treated  by  Analyfis  only. 

Prop.  I.]  In  a  given  refraSfing  Circle^  wbofe  refraSfing  Power  is 
given,  the  Ray  is  given  in  Pofttion,  which  paffing  parallel  to  a  given 
Diameter  of  the  ■  Circle  is  refraiied  by  that  Circle  to  a  Point  given 
in  the  Circumference  of  it. 

Let  A  B  C  D  be  the  given  Circle,  the  given  Diameter  A  C,  and 
^iven  Point  G  j  and  let  the  Ray  E  F,  parallel  to  A  C,  be  rcfraft-  Fig.  76. 
ed  to  G.     I  fay  E  F  is  given  in  Pofition. 

Produce  EF  to  H,  and  draw  the  Diameter  F  I,  drawing  like- 
wife  I K  H,  I  G.  Then  is  H  F I  the  Angle  of  Incidence,  and  GFf 
the  refrafted  Angle  ;  fo  that  I H  being  perpendicular  to  F  H  and 
I G  perpendicular  to  F  G,  I  H  is  to  I  G  as  the  Sine  of  the  Angle 
of  Incidence  to  the  Sine  of  the  refrafted  Angle,  and  the  Ratio  of 
I H  to  I  G  is  given,  as  likewife  the  Ratio  of  I  K  to  I  G.  There- 
fore I  K  being  perpendicular  to  A  C,  the  Point  I  is  in  a  Conic 
Seftion  given  in  Poucion,  whofe  Axis  is  perpendicular  to  A  C,  and 
one  of  its  Foci  is  the  Point  G  *.  Confequently  th«  Points  I  and  F 
are  given,  and  laftly  the  Ray  E  F  given  in  Pofition. 

Determ.  I.]  It  is  evident,  that  this  conic  Seftion,  may  either 
cut  the  Circle  in  two  Points,  touch  it  in  one  Point,  or  fall  wholly  jr;V«« 
without  it.  Therefore  let  the  Sedtion  touch  the  Circle  in  the  Point 
I,  and  let  I L  touch  both  the  Seftion  and  the  Circle  in  the  fame 
Point  I.  Then  G  L  being  joined,  the  Angle  undier  I  G  L  on 
account  of  the  conic  Sedion  is  a  right  one  f,  fo  that  F  G  L 
is  one  continued  right  Line,  and  I F  is  to  I  L  as  F  G  to  G I ; 
as  likewife,  M  being  the  Center  of  the  Circle,  M I  to  I L,  or  F  H 
to  H  I,  as  F  G  to  twice  G  I,  becaufe  M  I  is  to  I F  as  G I  to 
twice  G  1.  Hence  by  Permutation  F  H  is  to  F G  as  HI  to 
twice  G  I  ;  that  is,  as  the  Sine  of  the  Angle  of  Incidence  to  twice 
the  Sine  of  the  refrafted  Angle. 

Moreover  F  H  being  to  H  I  as  F  G  to  twice  G  I,  the  Square 
of  F  H  will  be  to  the  Square  of  H  I,  as  the  Square  of  F  G  to  four 
rimes  the  Square  of  G  I.  Therefore,  by  Compofition,  as  the  Square 
of  F  H  to  the  Square  of  F I  or  of  A  C,  fo  is  the  Square  of  F  G  to 
the  Square  of  F I  together  with  three  times  the  Square  of  G  I,  and 
ib  likewife  is  the  Exccfs  of  the  Square  of  F  G  above  the  Square 
of  F  H,  which  equals  the  Excels  of  the  Square  of  I H  above  the  Square 
of  I G,  to  three  times  the  Square  of  G I  -,  for  as  one  Antecedent  to  one 
Cdnfequent,  fo  is  the  difference  of  the  Antecedents  to  the  difference  of 
die  Confequents.  Hence  in  the  lad  Place,  the  Square  of  half  FH  will  be 
to  the  Square  of  A  M,  as  the  Excefs  of  the  Square  of  I  H  above  the 

^  Set  Papp.  1.  7.  prop.  238.    Mllnes  Conic,  part.  4.  prop.  9. 
fMihies  Conic  lib.  8.  prop.  23. 

Square 
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Square  of  I  G  to  three  times  the  Square  of  I G,  or  as  the  Exceft 

of  the  Square  of  the  Smc  of  Incidence  above  the  Square  of  the  Sine 
of  Refraftion,  to  three  times  the  Square  cff  the  Sine  of  Refradiom 

Dbtbrm.  2.]  Draw  the  Diameter  .GO  and  the  Tangent  OP, 
^'i''  78-  meeting  G  F  produced  in  Q^:  then  the  Angle  under  I  F  G  is  equal 
to  the  Angfe  under  O  G  F,  the  Angle  .under  F I  L  equal  to  that 
under  G  O  Q^,  both  being  right,  and  F  I  is  equal  to  G  O  ; 
whence  the  Triangles  G  O  Q^,  "FIL  are  fimilar  and  equal ;  fothac 
GQ  is  equal  to  F  L,  and  the  Point  F  in  an  Hyperbola  pafllng 
through  G,  whofe  Afymptotes  are  A C  and  OP*. 

Prop.  2.]  A  refraSling  Cincle  and  its  re/raffing  Power  being  given^ 
4he  Ray  is  given  in  Pofttion^  wbich^  P^ffi^g  parallel  to  a  given  Dia- 
meter of  the  Circle^  after  it^  Refrailion,  is  fo  reflelfed  from  the  far^ 
tber  Surface  of  the  Circle^  as  to  be  inclined  to  its  incident  Courfe  in  a 
given  Angle. 
Fig.  79.  Let  A  B  C  D  be  the  given  Circle ;  let  A  C   be  the  given  Dia- 

meter, EF  the  incident  Ray  parallel  to  it,  which  being  refracted 
into  the  Line  F  G  fliall  fo  be  reflefted  from  the  Point  G  in  the 
Line  G  H,  that  E  F  and  H  G  being  produced,  till  they  meet  in 
I,  the  Angle  under  E  LH  (hall  be  given. 

Let  K  be  the  Center  of  the  Circle,    and  K  F,  K  G  be  joined  ^ 
let  the  Semidiameter  L  K  be  parallel  to  the  refrafted   Ray  F  G, 
and  M  K  being  taken  to   the  Semidiameter  of  the  Circle  in  the 
Ratio  of  the  Sine  of  Incidence  to  the  Sine  of  Refraftion;  let  LM 
"be  joined,  and  laftly  make  the  Angle  under  K  M  N  equal  to  half 
the  given  Angle  under  E I  H.    This  being  done,  if  F  G  be  pro- 
duced to  O,    F  O  (hall  be  to  K  O  as  the  Sine  of  the  Angle  of 
incidence  to  the  Sine  of  the  refrafted  Angle,  that  is,  as  M  K  to  K  L  5 
in  fo  much  that  K  L  being  parallel  to  F  O,  and  the  Ai^le  under 
M  K  L  equal  to  that  under  F  O  K,  the  Angle  under  M  L  K  fliall 
be  equal  to  that  under  F  K  O,  and  the  Angle  under  K  L  M  equal 
«to  that  under  KFO  equal  to  that  under  FGKor  half  that  under 
^FGH,    whence   the   Angle  under    KMN    being   equal  to    half 
the  Angle  under  F  I  H,  the  refiduary   Angle  under  N  M  L  will 
fee  equal  to   half  the  Angle   under   1 F  G,  or  to  half  that  under 
M  K  L.       Therefore    L  C    being     drawn ,     the    Angle    under 
LMN  will  be  equal  to  thftt  under  M  CL  -,  and  in  the  laft Place, 
if  M  C  be  divided  into  two  equal    Parts  m  P,   and    P  Q^R  fee 
^rawn  parallel  to  C  L,  the  Angle  under  Q^M  R  will  be  equal  t6 
that  under  RPM,  and  the  Triangles 'QM  R,  MPR  fimilar,  'ft> 
.that  the  Reftangle  under  P  RO  fhall  be   equal  to  the  Square  df 
M  R.     Whence  R  L  being  equal  to  M  R,    tlie  Point  L  fhril  be 
in  an  equilateral  Hyperbola^  touching  the  Line  M  N  in  the  Point 
M,    and  having  the  Point  P  for  its  Center  f.     But  this  Hyperbola 

*  Apoll.  .Conic.  1.  2.  prop.  8. 

ffApolL  Conic,  lib.  4.  prop.  37.  compared  toitb  lib.  7.  prop.  23. 
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If  g^tta  in  Pofition^  and  confe«]ueBCly  the  PmncL,  the  Angle  tifi* 
der  M  L  K,  and  the  equal  Angle  under  C  K  F  will  be  given,  and 
therefore  the  R^£F  is  given  in  Pofition. 

DsTERM.  I.]  Let  die  Hyperbola  touch  the  Circle  in  the  Point  L,  f?^,  go. 
and  let  their  cotntnon  Tangent  be  LS;  draw  LT  parallel  to 
M  N,  fo  as  to  be  ordinately  applied  in  the  Hyperbola  to  the  Dia- 
meter C  M.  Whence  L  S  touching  the  Hyperbola  in  L,  P  T  will 
be  to  TLasTLtoTS*,  and  the  Angle  under  TSL  equal  to 
chat  under  T  L  P,  but  as  the  Angle  under  S  CL  is  equal  to  that 
under  N  M  L,  the  fame  is  equal  to  the  Angle  under  TL  M  -, 
fberefbre  the  Ai^le  under  S  L  C  is  equal  to  the  Angle  under 
M  L  P.  Farther,  M  L  being  produced  to  V  and  V  C  joined,  the 
Angle  under  L  V  C  is  equal  to  that  under  S  L  C,  by  reafon  that 
LS  touches  the  Circle  in  t ;  hence  the  Angles  under  L  V  C  and 
«nder  MLP  are  equal,  LP,  V  C  are  parallel,  and  MP  being. 
equal  to  PC,  ML  is  equal  to  L  V  ;  and  K  W  being  let  fall 
perpendicular  to  L  V,  M  W  is  equal  to  three  times  L  W.  But 
now  if  the  incident  Ray  E  F  be  produced  to  X,  the  Angle  under 
ML K  being  equal  to  that  under  CKF,  or  to  that  under  EFK, 
F  X  ihall  be  equal  to  L  V,  equal  to  twice  L  W ;  and  the  Angle 
under  K  M  L  being  equal  to  that  under  K  F  G ;  fince  K  W  is 
perpendicular  to  M  W,  FG  fhall  be  to  twice  M  W  as  MK  to 
K  F,  or  as  the  Sine  of  Incidence  to  the  Sine  of  Refraftion  :  whence 
M  W  being  equal  to  three  times  LW,  FX  fhall  be  to  FG  as 
the  Sine  of  Incidence  to  three  times  the  Sine  of  Refraftion, 

Moreover,  MW  being  equal  to  three  tin«s  LW,  the  Square  of 
M  W  will  be  equal  to  nine  times  the  Square  of  LW,  and  the 
Redangle  under  VML,  or  the  Re<ftangle  under  CM  A,  that  is,^ 
the  Excefe  of  the  Square  of  K  M  above  the  Square  of  K  A,,  will 
be  equal  to  eight  times  the  Square  of  L  W  *,  therefore  the  Square 
of  L  W  or  the  Square  of  lialf  F  X  vfiW  be  to  the  Square  of  KL, 
or  of  K  A,  as  the  Excefs  of  the  Square  of  K  M  above  the  Square  of 
,KA  to  eight  times  the  Square  of  K  A,  that  is,  as  the  Excefs  of 
the  Square  of  the  Sine  of  Incidence  above  the  Sine  of  Refraftion,  to- 
eight  times  the  Square  of  the  Sine  of  Refraftion. 

Determ.  2.]  Draw  A  Y  parallel  to  M  N,  and  AZ  parallel  to  MV : 
then  is  the  Angle  under  Y  A  Z,  equal  to  that  under  L  M  N,  which. is 
equal  to  that  under  L  C  A  ;  whence  the  Arches  Al,  Y  2^  are  equal ; 
but  the  Arches  A  L,  VZ  are  likcwife  equal,  becaufeLV,  AZare 
parallel,  therefore  Y  V  being  joined,  and  L  T  drawn  perpendicular  ^^i-  '^•' 
ID  A  C,  the  Chord  V  Y  (hall  be  the  doubleof  L  r  ;  but  V  A  be- 
ing likewife  let  fall  perpendicular  to  A  C,  becaufe  M  V  is  the  double 
of  ML,  VA  (hall  be  the  doubleof  LF  5  and  therefi)re  V  A- and 
V  Y  fhall  be  equal ;  whence  the  Point  V  fliall  be  in  a  Parabola^ 
whofe  Focus  is  the  Point  Y,   its  Axis  perpendicular  to  AC,  and 

.•  Apoll.  Conic,  lib.  1.  prop.  37.  compared  witb  lib.  7.  prop,  aj.; 

the 
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Ae  latui  reSum^  belonging  to  chat  Axis,  tq^  to  twice  the  (s 
pcndicular  lee  fall  from  T  upon  AC*.    But  tf  K  V  be  joined. 


the 

ilngle  under  L  K  V  U  equal  to  twice  the  Complement  to  a  right 
Angle  of  the  Angle  under  K  L  V,  which  is  equal  to  the  Angle  of 
Incidence,  and  exceeds  the  refra^ed  Angle  bjr  the  Angle  under 
A  K  L. 

The  Detcrminatjons  of  chefc  two  Propofitions,  have  relation  to 
the  firft  and  fecond  Rainbow  ;  thofe  of  the  firft  Propofition  rcfpeft- 
ing  the  interior,  and  thofe  of  the  fecond  the  exterion  The  firft 
Determinations  of  thefe  two  Propofitions  alUgn  the  Angles,  under 
which  each  Rainbow  will  appear  in  any  given  refrafting  Power  ot 
the  tranfparent  Subftance,  by  which  they  are  produced ;  the  latter 
Determinations  of  thefe  Propofitions  teach  how  to  find  the  refrading 
Power  of  the  Subftdnce,  from  the  Angles  under  which  the  Rain- 
bows appear  i  the  Angle  under  CMG,  in  the  Determinations  of 
the  firft  Propofition,  being  half  the  Angle  which  raeafures  the  Dif- 
tanceof  the  interior  Bow  from  the  Point  oppofite  to  the  Sun;  and 
in  the  Determinations  of  the  fecond  Propofition,  the  Angle  under 
CMN  is  half  the  Complement  to  a  right  Angle  of .  half  the  Angle 
that  meafures  the  Diftance  of  the  exterior  Bow,  from  the  Point  op- 
pofite to  the  Sun.  But  whereas  thefe  latter  Determinations  require 
folid  Geometry,  it  may  not  be  amifs  here  to  Ihew  how  tjiey  may 
be  reduced  to  Calculation,  feeing  the  Obfcrvation  of  thefe  Angles, 
as  the  learned  Dr.  Halle^  has  already  remarked  f,  affords  no  in- 
convenient Method  of  finding  the  rcfradling  Power  of  any  Fluid, 
or  indeed  of  any  tranfparent  Subftance,  if  it  be  forniejl  into  a  fphe- 
rical  or  cylindrical  Figure.  For  this  purpofe  therefore  I;  have  founds 
Fig,  %i.  that  in  the  latter  Determination  of  the  firft  Propofition,  if  the  Sine 
of  the  Angle  under  C  M  G  be  denoted  by  «,  the  Tangent  of  the 
Complement  of  this  Angle  to  a  right  one  be  denoted  by  &,  and  the 
Secant  of  this  Complement  by  c  \  the  Root  of  this  Equation  z  '-— - 


3  ja2:=2  ij  flx  2  tf  —  a  will  exceed  the  Sine  of  the  Angle  under  F  M  A, 
that  is,  the  Sine  of  the  Angle  of  Incidence,  by  the  Sine  of  the  Angle 
under  CMG;  and  the  Sine  of  the  Angle  under  F  M  O,  which  is 
double  the  refradted  Angle,  will  be  the  Root  of  this  Equation  x^  H- 
^aaxz=L£^aah\  this  Angle  being  acute,  when  the  Tangent  of  the 
Angle  under  CMG  is  lefs  than  half  the  Radius ^  or  when  the  Angle 
itfelf  is  lefs  than  26  Deg.  33'.  54".  11'",  and  when  this  Tangent  is 
more  than  half  the  Radius^  the  Angle  under  O  M  F  is  obtufe. 

The  Roots  of  thefe  cubic  Equations  are  found  by  feeking  the 
firft  of  two  mean  Proportionals,  between  each  of  the  verfed  Sines 
apperuining  to  the  Arches  C  G,  AG,  and  the  Sine  of  thofe  Arches, 

*  Vide  de  la  Hire,  Sedl.  Conic,  lib.  8.  prop.  1,  3. 
t  PMiofopb.  Tran/aa.  N<>.  267.  pag.  jzz. 

count* 
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counting  from  the  verfed  Sines  ;  for  the  Sum  of  thefe  two  mean 
Proportionals  is  the  Root  of  the  former  Equation,  and  the  Difference 
between  them  the  Root  of  the  latter  5  as  may  be  colleded  from 
Cardan^s  Rules. 

And  hence  likewife  if  the  firft  and  laft  of  the  five  mean  Propor- 
tionals, between  the  Sine  and  Cofinc  of  half  the  Angle  under  CMG 
be  found,  twice  the  Sum  of  the  Squares  of  thefe  mean  Proportionals 
applied  to  the  Radius  exceeds  the  Sine  of  the  Angle  of  Incidence 
by  the  Sine  of  the  Angle  under  CMG;  and  twice  the  Difference 
of  the  Squares  of  the  fame  -mean  Proportionals  applied  to  the  Ra* 
dm  is  equal  to  the  Sine  of  double  thercfrafted  Angle.  Moreover 
this  double  of  the  refrafted  Angle  exceeds  the  Angle  of  Incidence 
by  the  Angle  under  CMG. 

In  the  latter  Determination  of  the  fecond  Propofition  draw  K  Y,  Fig.  85; 
and  A  Y  being  parallel  to  M  N,  the  Angle  under  C  K  Y  will  be 
equal  to  twice  the  Angle  under  CM  N,  that  is  equal  to  the  Com- 
plement of  half  the  Diftance  of  the*  exterior  Rainbow  from  the 
Point  oppofite  to  the  Sun.  Then  putting ^  for  the  Radius,  A  K, 
andi  for  the  Sine  of  the  Angle  under  CK  Y,  the  Sine  of  the 
Angle  under  A  K  V  will  be  the  Root  of  this  Equation,-  y  ♦ -+-4*^  • 
—  Sa^by-i-^aabbziio.  But  the  Angk  of  Incidence  and  Refrac- 
tion may  alfo  be  found  as  follows.  ;     ' 

Let  two  mean  Proportionals  between  the  Radius  and  the  Sine  of 
the  Angle  under  CKY  be  found,  then  take  the  Angle,  whofe Co- 
fine  is  the  firft  of  thefe  mean  Proportionals,,  countii^*  from  the  Ra- 
£u5  \  and  alfo  the  Angle  whofe  Sine  together  with  the  fecond  mean 
Proportional  fhall  be  to  the  Radius^  as  the  Cofinc  of  the  Angle 
mder  CKY,  to  the  Sine  of  the  Angle,  before  found.  The  Sum  of 
thefe  three  Angles  is  double  the  Complement  to  a  right  one  of  the 
Angle  under  AKLr,  the  Angle  under  KML,  or  the  refrafted  Angle, 
being  equal  to  half  the  Sum  of  this  Angle  under  AKL  and  the 
Angle  under  CKY;  as  in  the  laft  Place  the  Angle  under  KLV, 
i.  €.  the  Angle  of  Incidence^  equal  tx>  the  Siun  of  tht  Angles  under 
KM  L  and  under  M  K  L. 

I  need  not  obferve,  that  the  geometrical  Methods  of  deducing 
thefe  Angles  of  Incidence  and  Refradion>  fi:om  the  Angle  me&furr 
nig  the  Diftance  of  each  Rainbow  from  the  Point  oppofite  to  the  Sun, 
afford  very  expeditious  mechanical  Conftrudions. 

IV.  This  curious  and  valuable  Legacy  left  by  the  laft  Will  ^vA  *n  Accent  tf 
Tcftatnentof  the  late  Mr.  Leiuwenhoek  to  the  Royal  Society^  confiftsj*"-^^!^"** 
of  afmall  Indian  Cabinet,  in  the  Drawers  of  which  are  13  littleyj.^^'^'^^ 
Boxes  or  Cafes,  each  containing  two  Microfcopes,  handfomely  fit-Folkcs,  V.p/ 
ted  up  in  Silver,  all  which,  not  only  the  Glaffes,  but  alfo  the  ^-N<'38o.^446l 
paratus  for  managing  of  them,  were  made  with  the  late  Mr,  Leeuwen^ 
boel^s  own  Hands :  Befides  which,  they  feem  to  hare  been  'put  in 
Order  in  the  Cabinet  by  hhnfetf,   as  he  defign'd  them  to  be  pr^* 

VbL.  Yt  S  featc4 
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fenced  to-  the  Ko'^al  Society^  each  Microfcope  having  had  an  Objcift 
placed  before  it,  and  the  Whole  being  accompany'd  with  a  Re- 
gifter  of  the  fame,  in.  his  own  Hand-Writing,  as  being  defirous  the 
-  Gentlenien-ef  €he  Socie^  (hould,  without  Trouble,  be  enabled  to^ 
CJtamihc  many  of  thofe  Objefts,,  on  iN4iich  he  had  made  the  moff 
.  confiderable  EHfcoveries. 

Several  of  thefe  Objefts  yet  remain  before  the  Microfcopes,  tho*' 
the  greater  Number  are  broken  off,  which  was  probably  done  by 
the  fliaking  of  the  Boxes  in  the  Carriage.  I  have,  neverthelefs,  ad- 
ded a  Traniladon  of  the  Regifter,  as  it  piay  Icrve  to  give  a  jufter 
Idea  of  what  Mr.  Leeuwenboek  defigi;i'd  by  tnis  Legacy,  and  alfo  be 
of  Ufe,  by  putting  any  curbus  Obferver  in  Mind  of  a  Number  of 
Minute  Subje(5bs,  that  may  in  a  particular  Manner  deferv^  his  At- 
tention. 

The  13  Cafes,  abovemention'd  are  numbered  from  1-5  to.  27  in^ 
dufively,  correfponding  to  which  is  the  Regifter  of  the  Objefts^^ 
two  to  every  Cafe,  as  tollows- 


^  r  I  Globules  of  Blood,  from  which  its  Rednels  proceeds. 

Cafe  1.  N^  15.^  2  A  thin  Slice  of  Wood  of  the  Lime-Tree,  where  the 
4     Vcflcls  conveying  the  Sap  are  cut  tranfvcrfely. 

Cafei,-  N«^  1 6.  j^ '  T,,    ^       .     ^ 

;  1%  The  Eye  of  a  Gnat* 

^  I  A  crooked  Hair,  to  which  adheres  a  Ring- Worm> 

^  r      y<ni       ^     ^^^^  ^  ^*^^^  ^f  ^^  Cuticle. 
Calc3.  IMW  J7.^g  A  fmall  Hair  from  the  Hand,  by  which  it  appears 
.    ^    thofe  Hairs  arc  not  round. 

^  I  Flefli  of  the  Cbdfiih  {Caheljaeuw)  Ihewing  how  the 
Cafe 4.  N^  18  ^     Fibres  lie  oblique  to  the  Membranes. 

^  '^2  An  EmbriO'Of  Cochineal,  taken  from  the  E^,  in 

C^    which  the  Limbs  and  Horns  are  confpicuous. 

r- 1  Small  Pipes,  which  compofe  the  Elephant's  Tooth. 
Cafe  5.  N®  i9.>  2  Part  of  the  Cryftalline  Humour,  from  the  Eye  of 

L     a  Whale. 

^r  A  Thread  of  Shceps-Wool,  which  is  broken,  and 
Cafe  6..^9  20.-<     ^PP^rs  ta^ confift  of  many  leflcr  Threads. 

*  J2  The  Inftrument,  whence  a  Spider  fpins  the  Threads, 

^     that  compofe  his  Web? 
Cafe  7.  N^  21  ^  ^  ^  Granade,  or  Spark  made  in  ftriking  Fire. 

C2  The  Vcffels  in  a  Leaf  of  Tea. 

^  r       i.T*t      ^  '  ^^^  Animalcula  in  Semine  Afa/culino,  of  a  Lamb 
Cafe  8.  N^  22.^     taken  from  the  Tefticlc,  July  24.  1702. 

<.  2  A  Pieceof  the  Tbngueof  a  Mog,  full  of  Iharp  Points. 

^^      ^^      ^^  ^  Fibrcof  Cbdfifh,  confifting  of  long  flcndcr  Par- 
•C»fcg.W^23.<    tides. . 

c^  Another  of  the  fame. 
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j^i  A  Filament^  conveying  Nouriflimentto  the  Nut- 
^Cafc  JO.  N^  24.  J     "^«g»  cut  tranfverfly. 

^2  Another  Piece  of  the  fame,  in  which  the  Figure 

C     of  the  Veflels  may  be  feen. 

^  I  Fart  of  the  Bone  or  Tooth  abovementioned,  con- 
Cafe  X  I.  N^  2/;  <     ^^^^^  ^  hollow  Pipes. 

^y 2  An  exceeding  thin  Membrane,  being  that  which 

^     covered  a  very  fmall  Mufcle, 

^  I  Veflels  by  which  Membranes  receive  Nourifhment 
Cafe  12.  N^  26.3     and  Increafe. 

C  2  ABunchofHairfromfhelnfeftcalPd  aHair-Worm^ 
^»r^  •  -  "MQ  ^*,  J  '  The  double  Silk,  fpun  by  the  Worm. 
^^^^^3-N<^^7-l2TheOrgan  of  Sight  of  a  Fly. 

It  were  cndlefs  to  enter  into  any  Particulars,  of  what  is  to  be 
obferved  in  any  of  thefe  Objefts,  or  indeed  to  give  any  Account 
of  Mr.  Leeuwenh(^V%  Difcoveries  ;  they  are  fo  numerous  as  to  make 
vp  a  confiderable  Part  of  the  Pbilofopbical  TranfaStionSj  and  when 
colledted  together,  to  fill  four  pretty  large  Volumes  in  Quarto, 
which  have  been  publilh'd  by  him  at  feveral  Times  :  And  oF  fuch 
Confequence,  as  to  have  opened  entirely  new  Scenes  in  fome  Parts 
of  Nalural  Pbilvfopy,  as  we  are  all  fenfible,  in  that  famous  Difcove- 
ry  of  the  jinimalcula  in  Semine  MaJbulinOj  which  has  given  a  per- 
fcdtly  new  Turn  to  the  Theory  of  Generation,  in  almoft  all  the 
Autnors  that  have  fince  wrote  upon  that  Subjed. 

For  the  Conftruftion  of  thefe  Inftruments,  it  is  the  fame  in  theift 
all,  and  the  Apparatus  is  very  fimple  and  convenient :  They  are 
all  (ingle  Microfcopes,  confifting  each  of  a  very  fmall  double  Con- 
vex-Glafs,  let  into  a  Socket,  between  two  Silver  Plates  rivetted  to- 
gether, and  picrc'd  with  a  fmall  Hole :  The  Objeft  is  placed  on  a 
Silver  Point,  or  Needle,  which,  by  Means  of  Screws  of  the  fame 
Metal,  provided  for  that  Purpofe,  may  be  turnM  about,  rais'd,  or 
deprefs'd,  and  brought  nearer,  or  put  farther  from  the  Glafs,  as 
the  Eye  of  the  Oblerver,  the  Nature  of  the  Objeft,  and  the  conve- 
nient Examination  of  its  feveral  Parts  may  require. 

Mr.  Leeuwenboek  fix*d  his  Obje6b,  if  they  were  folid,  to  this 
Silver  Point,  with  Glew  -,  and  when  they  were  Fluid,  or  of  fuch 
a  Nature  as  not  to  be  commodioufly  viewM  unlefs  fpread  upon 
Glafs,  he  firft  fitted  them  on  a  little  Plate  of  Talk,  or  exceffivcly 
thin-blown  Glafs,  which  he  afterwards  glewed  to  the  Needle,  in 
the  fame  Manner  as  his  other  Objedts. 

The  Obfcrvation,  indeed,  ot  the  Circulation  of  the  Blood,  and 
ibme  others,  require  a  fomewhat  different  Apparatus^  and  fuch  % 
one  he  had,  to  which  he  occafionally  fix*d  thefe  fame  Microfcopes  ^ 
but  as  it  makes  no  Part  of  this  Cabinet,  I  fliall  omit  giving  any 
farther  Account  of  it,  only  taking  Notice  that  it  may  be  feen  in 
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a  'Letlfer  ta  the  Rojal  Socufy,  of  the  12th  of  yavuary^  1689,  and 
printed  in  his  Arcana  Natures  DeteSta;,  N^.  6y.  But  I  was  willii^ 
to  mention  juft  fo  much,  asitmay  ferve  to  fhcw  the  univcrfal  Ufe 
of  thefe  Microfcopes,  and  as  it  induces  me  (among  other  Things) 
to  believe,  thefe  were  the  Khid  of  Microfcopes  generally,  if  not  folely, 
us*d  by  this  curious  Gentleman  in  all  his  Obfervations,  and  to  which 
we  are  oblig'd  for  his  mod  furprizing'Difcoveries. 

Another  Particular,  to  i  the  fame  Purpofe,  I  would  not  omit, 
and  that  is.  That  upon  the  late  Queen  Marfs  doing  Mr.  Leeu-- 
wenhoek  the  Honour  of  a  Vifit  at  Delft^  and  viewing  hisCuriofities 
with  great  Satisfaftion,  he  prefentcd  her  with  a  Couple  of  his  Mi- 
crofcopes, which,  as  I  have  been  informed  by  one  who  had  them 
a  coniiderable  Time  in  his  Hands,  were  of  the  fame  Sort,  as  thefe, 
and  did  not  any  ways  differ  from  one  of  the  13  Cafes  contained  in 
the  Drawers  of  this  Cabmet. 

The  Glaffes  are  all  exceedingly  clear,  and  (hew  the  Obj^fV  very 
bright  and  diftindt,  which  muft  be  owing  to  the  great  Care  tHis 
Gentleman  took,  in  the  Choice  of  his  Glafs,  his  Exadnefs  in  giv- 
ing it  the  true  Figure  5  and  afterwards,  amongft  many,  referving 
foch  only  for  his  Ufe,  as  he,  upon  Tryal,  found  to  be  mod  excel- 
lent. Their  Powers  of  magnifying  are  different,  as  different  Sorts 
of  Objefts  may  require  ;  and,  as  on  the  one  Hand,  being  all  ground 
Glaffes,  none  of  them  are  fo  fmall,^  and  confequently  magnify  to  fo 
great  a  Degree,  as  fome  of  thofe  Drops,  frequently  usM  in  other 
Microfcopes ;  yet,  on  the  other,  the  Diftinftnels  of  thefe  very  much 
exceeds  what  I  have  met  with  in  the  Glaffes  of  that  Sort ;  aftd 
this  was'  what  Mr.  Leeuwenhoek  ever  principally  proposed  to  him- 
felf,  reje6ting  all  thofe  Degrees  of  magnifying  in  which  he  could 
not  fo  well  obtain  that  End;  for  he  informs  us  in  one  of  his  Let- 
ters, where  he  is  fpeaking  of  the  exceffive  Praife  fome  give  to  their 
Glaffes  on  this  Account,  that  although  he  had  above  Forty  Years 
had  Glaffes  by  him  of  an  extraordinary  SmalJnefs,  he  had  made 
but  very  little  Ufe  of  them  5  as  having  found,  in  a  long  Courfe  of 
Experience,  that  the  moft  confiderable  Difcoveries  were  to  be  made 
with  fuch  Glaffes  as,  magnifying  but  moderately,  exhibited  the  Ob* 
jcft  with  the  moft  perfect  Brightnefs  and  Diftinftion. 

But  however  excellent  thefe  GkfleS  may  be  judg'd,  Mr.Leeuwe^^ 
boek^s  Difcoveries  are  not  entirely  to  be  imputed  to  their  Goodnefs 
only  :  His  own  great  Judgment,  and  Experience  in  the  Manner  of 
ufing  them,  together  with  the  continual  Application  he  gave  to  that 
Bufinefs,  and  the  indefatigable  Induftry  with  which  he  contempla- 
ted often  and  long  upon  the  fame  Subjeft,  viewing  it  under  many 
and  different  Circumftances,  cannot  but  have  enabled  him  to  form 
berter  Judgments  of  the  Nature  of  his  Objects,  and  fee  farel^r  into 
their  Conftitution,   than  it  can  be  imagined  any  other  Perfon  can 
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do, -that  neither  has  the  Experience,  nor  has  taken  the  Piim'this 
carious  Author  had  fo  long  done. 

Nor  ought  we  to  forget  a  Piece  of  Skill,  in  which  he  very  par- 
ticularly exceird,  which  was  that  of  preparing  his  Objefts  in  the 
beft  Manner,  to  be  view*d  by  the  Microfcope  ;  and  of  this  I  am 
pcrfwaded,  any  one  will  be  fatisfied,  who  fhall  apply  himfelf  to 
the  Examination  of  fome  of  the  fame  Objedts  as  do  yet  remain  be- 
fore- thcfe  Glafles ;  at  leaft,  I  have  my  felf  found  fo  much  DifRcul- 
ty  in  this  Particular,  as  to  obferve  a  very  fenfible  Difference  be-*^ 
twcen  the  Appearances  of  the  fame  Objeft,  when  applyM  by  my 
felf,  and  when  prepared  by  Mr.  Lecuwenboeky  tho*  view'd  with 
Gla0es  of  the  very  fame  Goodnefs. 

I  have  the  rather  infilled  upon  this,  as  it  may  be  a  Caution  to 
us,  that  we  do  not  rafhiy  condemn  any  of  this  Gentleman's  Obfer- 
vations,  tho*  even  with  his  own  Glafles,  if  we  fhould  not  iriimediate- 
ly  be  able  to  verify  them  our  felves.  We  are  under  very  great 
Difadvantages  for  want  of  the  Experience  he  had,  and  he  has  him- 
felf put  us  in  Mind,  more  than  once,  that  thofe  who  are  the  beft 
fkill'd  in  the  Ufe  of  magnifying  GliXfles,  may  be  mifted,  if  they 
give  too  fudden  a  Judgment  upon  what  they  fee,  or  till  they  have 
been  aflured  from  repeated  Experiments.  But  we  have  feen  fo  many, 
and  thofe  of  his  mott  furprizing  Difcoveries,  fo  perfeftly  confirmed,  . 
by  great  numbers  of  the  moft  curious  and  judicious  Obfervcrs,  that 
there  can  furely  be  no  re^fon  to  diftruft  his  accuracy  in  thofe  others,  . 
which  have  not  yet  been  fo  frequently  or  carefiilJy  examined. 

V.  The  Inftrument  confifts  of  a  metalline  Speculum^  about  ^'^^  ^^  Accoum  f 
Inches  in  Diameter.  The  Radius  of  the  Sphere,  on  which  its  con-  a  Refleaing 
cave  Surface  was  ground,  is  ten  Feet,  fivfc  Inches  and  one  quarter,  TeUfcopeymade 
and  confequently  its  focal  Length  is  62  |  Inches.  The 'Back  has^J'^''J-Had- 
a  hollow  Screw  made  at  its  Centre,  to  receive  the  End  of  a  Handle,  l|^^^^-^-J^'' 
which  is  fcrew'd  on,  whenever  the  Metal  is  to  be  moved,  in  order  ^^  '  ^°^' 
to  avoid  fullying  its  polilh'd  Surface  by  handling. 

This  Obje'ft-Metal  A,  Fig.  84.  is  placed  in  one  End  of  an 
cftangular  Tube,  B  B,  ^bout  fix  Feet  long,  and  fomething  wider 
than  what  is  fufRcient  to  receive  the  Metal,  dyed  black  on  the  In- 
fide.  About  fix  or  feven  Inches  in  Length  of  the  three  uppermoft 
Sides  of  the  Tube  C  (toward  that  End,  at  which  the  Metal  is 
placed)  arc  feparated  from  the  reft,  and  open  with  two  Hinges, 
to  make  room  for  the  Metal  to  be  put  in  and  taken  out.  The  F/i*.  84..  / 
End  of  the  Tube  is  clofed  by  an  oftangular  Piece  of  Board  D, 
which  has  an  opening  J,  about  f  of  an  Inch  broad,  from  the  Top 
down  to  a  little  below  the  Centre,  to  give  room  for  the  before- 
mention'd  Handle,  when  the  Objeft-Metal  is  lifted  into  or  out  of 
the  Tube  ;  at  other  times  it  is  clofed  with  a  Aiding  Shutter.  The 
Metal  is  placed  fo,    as  to  have]  its  Am  coincide  with  that  of  the 
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Tube,  by  the  means  of  three  fmall  Buttons  fix'd  to  the  Infide  of 

..the  Tube,  having  their  hinder  Ends  all  in  the  fame  Plane,  to  which 

ihis  Axis  is  perpendicular.*     Two  of  thefe  appear  at  a  a,  the  third 

being  at  the  middle  of  the  Bottom  of  the  Tube,  is  not  feen.     The 

. forefideof  the  Metal  refts  againft  thefe  Buttons  in  three  Points  of 

.its  Circumference,  nearly  equidiftant  from  each  other,    and  is  held 

Jto  them  by  three  Screws,  (one  of  which  appears  at  b)  which  run 

through  the  odangular  Board  at  the  End  of   the  Tube,   and  bear 

againft  the  Back  of   the  Metal,   (in  three  Points,   which  diredlly 

.anfwer  thofe  three  on  the  forefide)  with  juft  fo  much  Force,  as  is 

Tequifite  to  keep  it  fteady  in  its  Place.     They  muft  not  be  fcrcw*d 

.harder  againft  the  Metal  for  Fear  of  bending  it,    which  (xho*  it  is 

half  an  "Inch  in  Thicknefs)  a  very  little  Force  is  fufBcient  to  do. 

"When  the  Inftrument  is  not  ufed,  thefe  Screws. are  loofen*d,  and  the 

Objeft-Mctal  is  taken  out  and  laid  by,  to  prevent  its  tarnilhing. 

The  oval  Plane  is  composed  of  a  Plate  of  the  fame  Metal  with 
the  %xtzi  Speculum^  about  ,7  or  ,;J  of  an  Inch  in  Thicknefs,  foldcr*d 
.on  the  Back  to  another  Brafs.     Its.  Breadth  is  fomething  lefs  than 
,half  an  Inch,  and  is  in   Proportion  to  its  Length  as  i  to  •  2.  At 
one  End  of  the  Oval,  the^rafs  Plate  projefts  a  little  beyond  the  o- 
^  ther,  and  has  a  Screw  cut  through  it  in  that  Part,  as  likewife  ano- 

ther diredlly  againft  the  Centre  of  the  forefide.     The  other  End  is 
cyphered  away  on  the  Backfide,  that  it  may  interceptasftwof  the 
llays,    in  theh-  PafTage  towards  the    Objedt-Metal,    as  is  pofCble. 
The  two  Screw-holes  in   the  Back  ferve  to  fix  this  Oval  A,  Fig. 
85,  to  a  Briifs  Arm,  B,  which  is  fattened  at  the  other  End  into  a 
iJ?^.^4,-85.    Slider  EE.  Ftg.  84.  and  85.     This  Slider  is  of  an  equal  Thicknefs 
with  the  Side  of  the  Tube,  and  has  a  Groove,  G  G,  Fig.  84.  cut 
■  for  it  in  that  Side,  parallel  to  the  Axis^  and  long  enough  to  give 
room  for  its  Motion,  to  fet  the  two  Specula  at  the  different  Diftances, 
which  die  fcveral  Eye-GlafTes  require.    It  refts  on  the  Infide  againft 
two  thin  Ledges,  faftened  within  the  Tube  along  the  Sides  of  the 
Groove.    On  the  Outfide  it  is  kept  in  its  Place  by  a  fliding  Shut- 
ter,   not  exprelTed  in  the  Figure.     In  the  Middle  it  has  a  Cylin- 
^•?j-         drick  Cavity,  D,  Fig.  85.  whofe  Axis  is  exaftly  perpendicular  to  its 
inner  and  outer  Surmces.     Each  of  the  Boxes,  m  which  the  Eye- 
GlafTes  are  contained,  is  fitted  to.  this  Cavity.    The  bcfor^mehtion- 
•cd  Brafs  Arm  is  fix'd  into  the  Infide  of  this  Slider,    towards  th^ 
End  far  theft  from  the  Objeft-Metal ;    it  rifes  perpendicular  for  a- 
"bout  two  Inches,  and  is  made  flat,  fo  as  to  turn  one  Edge  to  the 
IRays,  which  come  from  the  Qbjeft.     About  ^,  it  is  bent  forwards 
.and  flatted  the  other  Way,  fo  that  when  the  Back  of  the  oval  Plane 
is  held  flat  to  it,  by  the  two  Screws  c  r,  the  Axis  of  the  Cylindrick 
<;avity  may  fall  on  the  Centre  of  its  forefide,  inclinM  to  its  Surface 
.in  an  Angle  of  fomething  lefs  than  forty  five  Degrees.    This  Angle 
iii  brou^litto.becxaflby  two  very  fmall  Screws,  //,  whofe  Threads 
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okc  hold  in  the  flatted  End  of  the  Brafs  Arm,  and  their  Pointf 
bearing  againft  the  Back  of  the  Oval,  raife  one  End  of  it  a  little 
ffom  the  flat  of  the  Arm.  The  Specula  are  fct  at  their  due  Dif- 
tance^  by  turning  of  a  long  Screw,  CC,  for  which  there  is  a  Nuc 
lodged  in  the  Slider  at  g ;  the  Screw  is  kept  from  moving,  back- 
ward or  forward,  when  *tis  turned,  by  a  Brafs  Plate,  F,  which  is 
to  be  fix*d  to  the  flat  Emi  of  the  Side  of  the  Tube,  and  taken  off 
at  Pleafure.  Each  of  the  Eye-Glafs  Boxes,  H,  has  a  Screw  on^ 
the  outward  End,  to  faftcn  to  it  a  Bowl,  or  Difh,  I,  to  receivo^ 
the  Ball  of  the  Eye,  and  guard  it  from  external  Light. 

On  the  Top  of  the  Tube  is  fix'd,    on  two  fmall  Pedeftals,    a  * 
common  Dioptrick  Telcfcopc,  H,    Fig.  84.  about  eighteen  Inches  • 
long,  its  Axis  parallel  to  that  of  the  Tube  ;   and  having  two  Hairs 
plac'd  in  the  common  Focus  of  its  Objcftand  Eye-GlalTcs,  crofling,. 
one  another  in  its  Axis. 

There  are  three  convex  Eye-GlafTes  belonging  to  the  Inftrument.. 
The  firft,  or  Ihallowefl,  has  its  focal  Diftance  of  about  f  of  an  Inch  v 
the  fe<»nd,    of  ^-J  5    and  the    deepefl:,  of  \l^    or  fomething  lefs. 
When  the  Grit  of  thefe  is  ufed  with  the  Inftrument,  it  magnifles  a- 
bout  i89r  or  19a  tnnes,  in  Diameter;  with  the  fecond,  about  20S; 
and  with  the  third,  228  or  230.    Each  of  thefe  Glafles  has  placed, 
in  that  Focus  nearefl  the  Oval,  a  Circle  to  determine  the  Part  oF 
the  Objeft  feen  at  one  View ;  and  in  the  other  Focus  toward  thff 
Eye,  a  Brafs  Plate  with  a  little  Hole  in  the  middle,  to  let  no  Light 
pafs  to  the  Eye  from  the  Infide  of  the  Tube,  but  what  comes  from 
the  Oval.     Befides  thefe  three  convex,  there  are  two  concave  Eye- 
Glaflcs,  with  which  it  magnifies  about  200  and  220  times  \  and 
alfo  a  Set  of  three  Convex,    which  turn  it  into  a  Day  Tclefcope, . 
magnifying  about  125  times.     The  Aperture  is  limited  by  a  Circle 
of  Card,    or  Pafl:board,   placed  before  the  Objeft-Metal    in    the 
Tube.    To  vary  the  Aperture  there  are  three  of  thefe   Circles, 
and  the  Apertures  allowed  by  them  are  five  Inches ,  and  an  half, . 
five  Inches,  and  four  and  an  half,  tho'  for  fome  Qbje&s  the  whole 
Metal  may  be  left  open. 

The  Engine  made  ufe  of  to  direcSt  the  Tube  to  any  Objcft,  con- 
lifls  of  a  flrong  Plank,  F  F,  Ftg.  85  and  86,  about  fourteen  Inches  Ftg.  S5, 86. 
wide,  and  two  Feet  and  an  half,  or  three  Feet  long,  which  ferves 
38  a  Foundation  for  the  whole.     Near  one  End  of  this  Plank  is 
placed  an  upright  fourfided  Box,  III,  Fig.  84  and  86,  about  two />^.  84, 86. 
Feet  high,  narrower  at  the  Back  next  the  End  of  the  Plank  than  be- 
fore :  Its  two  Sides  are  mortifed  both  into  the  Plank  below,  a  a^  Fig. 
86,  and  into  the  Top  of  the  Box  above,  ddi   the  back  and  forejr/«  g$. 
Part  are  faftenM  ta  the  Edges  of  the  Sides  with  Wood-Screws. 
The  Top  has  a  circular  Hole  cut  in  i^    fomething  above  three 
Inches  in  Diameter,  whofe  Centre  is  about  three  Inches  diftantfrom  . 
the  outfide  of  the  Back,   and  at  an  equal  Diftance  from  the  two< 
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Sides.  This  Hole  gives  Paffage  to  a  turning  Pillar  B,  in  the  fiot-  " 
torn  of  which  there  is  fixM  an  Iron  Pivot  r,  to  turn  in  a  thick  Brafs 
,  Plate  lodged  in  the  Plank,  h.  The  upper  End  of  the  Pillar  rifes 
about  an  Inch  and  an  half  above  the  Top  of  the  Box,  and  is  mor- 
Fig,%\i^6.  tifed  into  a  ftrong  Head,  K,  F/g.  84.  and  86,  about  eight  Inches  in 
Length,  and  four  or  five  in  Breadth  and  Thicknefs.  This  Head 
carries  two  Cheeks,  LL,  about  thirteen  or  fourteen  Inches  in 
Height,  their  hinder  Edges,  towards  the  lower  End,  extending  five 
Inches  beyond  -  the  Axis  of  the  Pillar  backward.  Along  die  Back 
-©f  thefe  Cheeks,  at  equal  Diftances  above  one  anothec,  there  are 
Notches,  tending  obliquely  downwards,  and  anfweFing^  tme  another 
in-  each  Cheek,  to  receive  the  Pivots  of  a  crooked  Iron  jixis^  C, 
f%.  86.  Pig.%6.  on  which  the  Tube  is  placed.  The  Notches  are  made  at 
diHerent  Heights,  to  keep  the  Eye-Glafs^at  a  proper  Height  for 
the  Eye,  in  different  Elevations  of  the  Objefl:  above  the  Horizon. 
The  Figure  of  the  A:ds  anfwers  that  ^f  the  three  undw  Sides  of 
the  Tube.  The  Axis  of  the  Tube -lies  about  two  Inches  and  an 
half  higher  than  the  Axis  of  the  Motion  upon  thefe  Pivots^  and 
the  Centre  of  Gravity^  when  tht  Objeft-Metal  is  in,  is  ^bout  three 
Inches  backwarder.  To  keep-  the  Tube  from  flipping  back,  when 
its  fore  End  is  raifed,  it  has  two  Buttons  fixed  to  it,  which  reft 
agamflr  the  fore  Part  of  the  -^^ffj. 

To  keep  the  Pillar  from  touching  any  of  the  Sides  of  the  round 
Hole,    in  which  if  turns,    a  Cylindrick  Sedor,    containing  about 
65^  or  70^,  and  abour  an  Inch  in  Height,  is  cut  on  the  back  Part 
of  the  Pillar,  near  the  upper  End  D.     In  the  Angle  of  this  Ca- 
vity is  fixM.a  thin  Steel  Plate  t?^,    bent  crofs  the  middle  to  the 
.fame  Angle.    The  internal  angular  Edge,  between  the  two  Parts 
V  of  this -Plate,   lies  in  the  Axis  of  the  Pillar,    and  turns  upon  the 
.hardened  Edge  of  a  Wedgelike  Iron,  /,  whofe  Bafe,  orBbard  Part,  ' 
^,is  faftefl*d  with  two  ftrong  Screws  on  the  Top  of  the  Box,  dirc&ly 
;  behind  the  round  fjlole"  beforepention'd. 

The  upper  Parts  of  the  Cheeks  are  ftrengthened  by  two  Brackets, 
G  G,  leaving  Room  between  them  for  the  Bottom  of  the  Tube 
to  touch  the  upper  Edge  of  riie  fore  Part  of  the  Head.  The  hinder 
Part  of  the  Head  is  alfo  hollowed,  in  the  Manner  prefenced  in 
the  third  Figure. 
-%•  H*  ^^^  Head  on  its  fore  Part  carries  a  flat  Arm,  M,  Fig.  84.  about 

twenty  feven  Inches  long,  a  little  taper  towards  the  farther  End, 
-where  it  is  four  Inches  broad.  This  is  ftrengthened  by  a  narrow 
Slip,  glew'd  edgewife  along  the  middle  underneath,  O,  and  alfo 
•-  by  a  Brace  or  Stay,  N,  reaching  ^fronn  the  turning  PiHir  to  wirfi- 
in  nine  Inches  of  the  End  of  the  Arm.  The  Stay  paffes  tlirough  a 
tranfverfe  opening  cut  in  the  fore  Part  of  the  Box,  P,  which  is 
long,  enough  to  allow  room  fbr  a.fufiicient  Motion  of  the  Pillar 
round  its  Aicis. 
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On  the  other  End  of  the  Bottom  Plank,  tranfverfely  to  its 
Length,  is  ereded  a  Board  about  twelve  Inches  wide,  and  twenty 
fix  or  twenty  feven  high,  Q,  the  Top  of  it  reaching  within  an  Inch 
and  an  half  of  the  under  Side  of  the  Arm.  This  Board  is  held 
firm  in  its  Pofition  by  a  Spur,  R,  part  of  its  upper  End  on  the 
outfide  is  pared  oflf  toward  the  Edges,  to  form  it  into  the  Seg- 
ment of  a  Cylinder,  whofe  Axis  coincides  with  that  of  the  Pillar. 
Its  Ufe  is  to  fupport  a  Reft,  S  S,  on  which  the  End  of  the  fiat 
Arm  moves  backward  and  forward.  This  Reft  being  apply'd 
tranfverfcly  to  the  outer  Part  of  the  upright  Board,  where  it  is 
made  Cylindrick,  is  bent  into  the  fame  Figure,  by  the  means  of 
four  Screw-Pins,  two  of  which  pafling  through  each  End  of  this, 
and  of  another  Piece  of  the  fame  Length,  T,  (but  fomething  nar- 
rower) placed  over  againft  it  on  the  inCde  of  the  Board,  by  their 
Nuts,  draw  them  together,  fo  as  to  gralp  the  End  of  the  upright 
Board  between  them  ;  the  upper  Edge  of  the  Reft  being  firft  (hot 
with  a  Plane  very  ftrait  and  fmooth.  To  render  the  Motion  of  the 
Arm  along  the  Reft  fmooth  and  eafy,  it  has  two  Rollers  lodged 
in  a  Box  fix*d  near  the  End,  on  its  underfide,  V,  to  roll  upon 
the  Edge  of  the  Reft,  when  the  End  of  the  Arm  is  moved  along 
it.  One  of  the  Rollers  is  placed  near  each  Edge  of  the  Arm,  and 
their  Axes  lye  in  Lines  pafling  through  the  Axis  of  the  turnbg 
Pillar.  The  Reft  is  kept  up  to  them,  with  a  proper  Degree  of 
Force,  by  two  Screws,  W  W,  which  run  into  two  Plugs,  X  X, 
fattened  on  the  Sides  of  the  upright  Board,  and  bear  againft  the 
under  Sides  of  two  Piece§  fix'd  on  the  Infide  of  the  Reft. 

The  Motion  of  the  Tube  is  governed  by  two  Brafs  Pegs,  Y 
and  Z.  The  firft  of  thefe,  Y,  is  placed  about  lo  or  ii  Inches 
from  the  End  of  the  Arm,  and  has  a  Line  wound  round  it,  which 
pafling  under  a  fmall  Pulley,  /,  fix*d  in  a  vertical  Pofition  near 
the  End  of  the  Arm,  is  faftened  to  a  Staple  on  the  under  fide  of 
the  Tube  g.  This  Line,  by  the  turning  of  the  Peg,  brings  the 
fore  End  of  the  Tube  to  its  due  Elevation,  being  a&ed  againft  by 
the  Excefs  of  Weight  in  the  hinder  End  of  the  Tube,  when  the 
Metal  is  in  it,  which  is  equivalent  to  about  two  Pound  at  |,  where 
the  Line  is  faftened.  In  great  Elevations  of  the  Objeft  above  the 
Horizon,  the  Line  is  not  carried  fo  far  as  the  Pointy  5. .  but  is 
faften'd  a  little  above  the  Pulley,  to  a  light  fquare  Stick,  h^  hav- 
ing at  one  End  a  Hook,  by  which  it  takes  hold  of  the  Staple  g. 
This  is  done  that  the  Springynefs  of  the  Line  may  not  continue  a 
vibrating  Motion  in  the  Tube,  (when  any  thing  happens  to  fhake 
the  InftrumentJ  and  make  the  Obje6l  appear  to  tremble-  The  lower 
Part  of  the  Stick  refi^  asainft  the  End  of  the  Arm,  and  by  its  flight 
Friftion  contributes  to  the  fame  Efiedt. 

The  other  Peg,  Z,  is  fo  placed,  that  it  may  be  conveniently  reach- 
ed by  one  Hand  of  die  Obferver,  while  the  other  is  employed  about 
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the  PegY:  It  regulates  rtie  Horizontal  Motion  of  the  Tube,  bv 
means  of  a  Line,  which  beiftg  wound  about  the  Peg  at  one  Encl, 
pafles  by  another  fmall  Pulicfy  placed  clofe  by  the  Side  of  the  afore- 
mentioned one  in  an  Horizontal  Pofture  fnot  to  be  fcen  in  the  Fi- 
gure) and  is  hung  on  a  Pm  driven  intx)  the  little  Head  K,  It  is 
P^g'  S6.  aftcd  againft  by  two  Springs,  m  and  k  Fig.  86.  placed  in  the  Box:, 
III,  one  on  each  Side  of  the  turning'  Pillar  j  that  on  the  righc 
Hand,  i»,  draws  the  right  Side  of  me  Pillar  forward,  by  a  very 
ftrong  Line,  which  bemg  fattened  to  the  Head  of  the  Spring, 
paflfes  round  the  back  Part  of  the  Pillar  to  a  Pin,  at  P,  by  which 
it  is  ftrain'd  to  its  due  Strength.  The  Spring  on  th^-Left  Hand /r, 
draws  the  Left  Side  of  the  rillar  backwards  in  the  fame  manner. 
Thefe  Pins  are  plac'd  on  the  Pillar  a  litde  higher  than  the  Tops  of 
the  Springs,  that  being  drawn  a  little  downwards,  as  well  as  turn'd 
round  its  Asiis^  the  Pivot  in  its  Bottom  may  not  be  raifed  our  of 
thd  Hole  in  the  Brafs  Plate,  when  the  Reft  bears  hard  againft  the 
Rollers  at  the  End  of  the  Arm.  Each  of  thefe  Springs  draws  with- 
a  Force  equal  to  about  i8  or  20  Pounds  Weight,  when  the  End 
jry    g.  of  the  Arm  is  carried  clofe  to  the  fmall  Head  ky  Ftg.  84.  and  confe- 

quently  (the  Semidiameter  of  the  Pillar  being  an  Inch  and  Half, 
and  the  Diftance  of  that  Head  from  the  jlxis  about  28  or  29  Inches) 
the  End  of  the  Arm  will  be  carried  by  the  united  Forces  of  both 
the  Springs,  towards  the  other  End  of  the  Reft,  with  a  Force  equi- 
valent to  the  Weight  of  about  two  Pounds.  Each  of  the  Pegs,  Y 
and  Z,  turns  in  a  Hole  made  in  a  Piece  of  Wood  /,  fattened  ta 
the  under  Side  of  the  Arm ;  and  the  Pieces  being  flit  with  a  Saw 
from  one  End  through  the  Hole,  and  about  half  an  Inch  beyond 
it,  the  feparated  Parts  are  drawn  together  by  a  Skrew  ot,  till  the 
End  of  the  Peg  is  griped  between  them,  with  a  due  Degree  of  Force. 
By  thefe  Pegs,,  with  the  help  of  the  Telefcope  H,  the.  Tube  is  eafily 
direfted  to  any  Objeft,  and  made  to  accompany  a  Celeftial  one 
in  its  Diurnal  Motion,  while  the  End  of  the  Arm  moves  the  whole 
Length  of  the  Reft. 

The  concave  Surface  of  the  Objcft-Metal  has  many  little  Spots 
in  it,  which  could  not  be  brought  to  take  a  Polifh.  In  one,  or 
two  Places,  the  Metal  itfelf  feems  to  have  fome  fmall  Parts,  fome- 
thing  hafder  or  foftcr  than  the  reft,  occafioning  an  rrregularity  in 
the  Figure  of  the  Metal  about  them.  But  thefe  Parts  being  fmall, 
in  Proportion  to  the  whole,  do  not  feem  confiderably  to  affcft  the 
Biftint^lnefs  of  the  Appearance. 

The  open  Air  has  commonly  an  undulating  Motion  in  its  Parts, 
efpecially  in  the  day  time,  which  occafions  the  Rays  of  Light  to 
defied  a  little  Ftom  the  ftrait  Lines,  in  which  they  ought  to  move, 
in  order  to  render  the  Species  perfeftly  diftinft.  The  Lfieft  of  this, 
ri^oitgh  infenfiWe  to  the  naked  Eye,  or  even  through  a  fmall 
TclMeopt,   becomes  confidtrable,    when  the  Objeft  is  very  giuch 
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magnified.  This  Inftrutncnt,  when  try*d  at  an  Objeft  en- 
dofed,  fo  as  to  feourc  it  from  this  Inconv«iencc,  fcems  to  bear 
an  Aperture  of  five  Inches  and  an  half,  with  the  deepcft  of  the 
foremcntioned  Eyc-Glaffes,  as  well  as  the  common  Telefcopes  do 
the  ufual  Charge  and  Aperture  given  to  them,  except  that  in 
thcfc  the  Objefts  appear  a  little  brighter. 

/5g.  84.  Reprcfents  the  Inftrument  placed  on  the  Machine,  in  or- 
der to  be  apply'd  to  Ufe. 

jF?g.  85.  Reprefents  the  Infide  of  the  Slider,  with  the  reft  of  the 
Apparatus  belonging  to  the  oval  Plane  and  Eye-Glafs. 

Fig.  86.  Reprcfents  the  hinder  Part  of  the  Machine,  the  Pack,  and 
one  Side  of  the  Box,  being  taken  away,  to  Ihew  the  turn- 
ing Pillar  and  Springs  on  the  Infide. 

VI.  The  Inftrument  is  defign'd  to  be  of  Ufe,  where  the  Motion  ^eDefcription 
of  the  ObjeAs,    or  any  Circumftancc  occafioning  an  Unfteadincfs  ^f  ^^inftru- 
in  the  comnnon  Inftruments,   renders  the  Obfervations  difficult  or  ^J^l^^^^ 

uncertain.  ^  ^  femonsjnven- 

The  Contrivance  of  it  is  founded  on  this  obvious  Principle  in  ted  by  Mr.]. 
Catoptricks:  That  if  the  Rays  of  Light  divergmg  from,  or  con- ]^J^*«yV.P. 
verging  to  any  Point,  be  reflefted  by  a  plane  polifh'd  Surface,^  42op»47 
tfacy  will,  after  the  Reflefkion,  diver^  firom,  or  converge  to  ano- 
ther Point  on  the  oppofite  Side  of  that  Surface,  at  the  fame  Diflance 
from  it  as  the  firft ;  and  that  a  Line  perpendicular  to  the  Surface 
palling  through  one  of  thofe  Points,  will  pafs  through  both.  Hence 
it  follows,  that  if  the  Rays  of  Light  emitted  from  any  Point  of 
an  Otyeft  be  fucceffively  reflefted  fi-om  two  fuch  polifh'd  Surfaces  j 
that  then  a  third  Plane,  perpendicular  to  them  both,  palfing 
through  the  emitting  Point,  will  alfo  pafs  through  each  of  its  two 
focceflive  Images  made  by  the  Refleftions :  All  three  Points  will  be 
at  equal  Diftances  from  the  common  Interfeftion  of  the  three 
Planes  -,  and  if  two  Lines  be  drawn  through  that  common  Interfec- 
-cion,  one  from  the  original  Point  in  the  Objeft,  the  other  from 
ihat  Image  of  it  which  is  made  by  the  fecond  Refiedion  ;  they 
will  comprehend  an  Angle  double  to  that  of  the  Inclination  of  the 
two  polifh^d  Surfeces. 

Fig,  87.  Let  RFH  and  RGI  reprefent  the  Seftions  of  the 
the  Plane  of  the  Figure  by  the  polifh'd  Surfaces  of  the  two 
Specula  BC  and  DE,  erefted  perpendicularly  thereon,  meet- 
ing in  R,  which  will  be  the  Point  where  their  common  Seftion,  ^'i*-  ^7- 
perpendicular  Kkewife  to  the  fame  Plane,  pafles  it,  and  H  R  I  is 
the  Angfe  of  their  Inclination.  Let  A  F  be  a  Ray  of  Light  from 
any  Point  of  an  Objeft  A  falling  on  the  Point  F  of  the  firft 
Speculum  B  C,  and  thence  refledcd  into  the  Line  F  G,  and  at 
the  P^intGof  the  fecond  Speculum  DE   rcflefted  a^ain  into  the 
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Line  G  K,  produce  G  F  and  K  G  backwards  to  M  and  N,  the 
two  iucccffive  Reprcfentations  of  the  Point  A  5  and  draw  R  A,  RM , 
and  R  N. 

Since  the  Point  A  is  in  the  Plane  of  the  Scheme,  the  Point  M 
will  be  fo  alfo  by  the  known  Laws  of  Catoptricks.  The  Line 
F  M  is  equal  to  F  A,  and  the  Angle  M  F  A  double  the  Angle 
H  F  A  or  MFH  ;  confequently  R  M  is  equal  to  R  A,  and  the 
Angle  M  R  A  double  the  Angle  H  R  A  or  M  R  H.  In  the  fame 
manner  the  Point  N,  is  alfo  in  the  Plane  of  the  Scheme,  the  Line 
RN  equal  to  RM,  and  the  Angle  MRN  double  the  Angle 
M  RI  or  I  R  N  :  Subftraft  the  Angle  M  R  A  from  the  Angle 
M  R  N,  and  the  Angle  A  R  N  remains  equal  to  double  the  Ditlc- 
rence  of  the  Angles  M  R I  and  M  R  H,  or  double  the  Angle 
H  R  I,  by  which  the  Surface  of  the  Speculum  D  E  is  reclin'd 
from  that  of  B  C ;  and  the  Lines  R  A,  R  M  and  R  N  are  equal. 

CoroL  I.  The  Image  N  will  continue  in  the  fame  Point ;  altho* 
the  two  Specula  be  turned  t(^ether  circularly  on  the  Axis  R,  fo 
long  as  the  Point  A  remains  elevated  on  the  Surface  of  B  C  : 
provided  they  retain  the  fame  Inclination. 

Corol  2.  If  the  Eye  be  plac'd  at  L,  (the  Point  where  the  Line 
A  F  continued  cuts  the  Line  G  K  i)  the  Points  A  and  N  will 
appear  to  it  at  the  angular  Diftance  ALN,  which  will  be  equal 
to  A  R  N :  For  the  Angle  A  L  N  is  the  Difference  of  the  Angles 
FGNandGFLi  andF  GNis  double  F  G  I  •,  and  GFLdouble 
G  F  R,  and  confequently  their  Difference  double  F  R  G  or  H  R  I: 
Therefore  L  is  in  the  Circumference  of  a  Circle  palling  through 
A,  N,  and  R. 

k^oroL  3.  If  the  Diftance  A  R  be  infinite,  thofe  Points  A  and  N 
will  appear  at  the  fame  angular  Diftance,  in  whatever  Points  of 
the  Scheme  the  Eye  and  Specula  are  placed :  Provided  the  Inclina- 
tion of  their  Surfaces  remain  unaltered,  and  their  common  Se6):ion 
parallel  to  itfelf. 

CoroL  4.  All  the  Parts  of  any  Objecl:s  will  appear  to  an  Eye 
viewing  them  by  the  two  fucceflive  Reflcftions,  as  before  defcribed, 
in  the  fame  Situation  as  if  they  had  been  turnM  together  circularly 
round  the  Axis  R,  keeping  their  refpeftive  Diftanccs  from  one  ano- 
ther, and  the  Axis,  with  the  Direftion  H  I,  1.  ^  the  fame  Way  the 
fecond  Speculum  D  E  reclines  from  the  firft  B  C. 

Corol.  5.  If  the  Specula  be  fuppos'd  to  be  at  the  Center  of  an 
infinite  Sphere  i  Objedbs  in  the  Circumference  oiP  a  great  Circle,  to 
which  their  common  Seftion  is  perpendicular,  will  appear  rcmov'd 
by  the  two  Refledlions,  through  an  Arch  of  that  Circle,  equal  to 
twice  the  Inclination  of  the  Specula,  as  is  before  faid.  But 
Objefts  at  a  Diftance  from  that  Circle  will  appear  removed  thro* 
the  fimilar  Arch  of  a  Parallel :  Therefore  the  Change  of  their  ap- 
parent Place  will  be  meafured  by  an  Arch  of  a  great  Circle  whofc 
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■Chord  is  to  the  Chord  of  the  Arch  equal  to  double  the  Inclination 

of  the  Specula,   as  the  Sines  Complements  of  their  refpeAive  Dif- 

tances  from  that  Circle  are  to  the  Radius  :   And  if  thofe  Diftances 

are  very  fmall,  the  Difference  between  th«  apparent  Tranflation  of 

any  one  of  thefe  ObjeAs,  and  the  Tranflation  of  thofe  which  are  in 

the  Circumference  of  the  great  Circle  aforefaid,  will  be  to  an  Arch 

equal  to  the  verfed  Sine  of  the  Diftance  of  this  Objedt  from  that 

Circle,  nearly  as  double  the  Sine  of  the  Angle  of  Inclination  of  the 

Specula,   is  to  the  Sine  Complement  of  the  fame. 

Ftg.  88.  The  Inftrument  confiflrs  of  an  Oftant  ABC,  having  on 
its  Limb   BC  an  Arch  of  45  Degrees,  divided  into  90  Parts  or  half  - 
Degrees  ;   each  of  which  anfwcrs  to  a  whole  Degree  in  the  Obfer* 
vation.      It  has  an    Index  M  L  moveable  round   the   Center,    to 
mark  the  Divifions  :    And  upon  this,    near  the  Center,    is  fix*d'  a 
plane    Speculum  E  F  perpendicular  to  the  Plane  of  the  Inflrument,  ^^^'  ^^' 
and  making  fuch  an  Angle  with  a  Line  drawn  along  the  middle 
of  the   Index,    as  will  be  moft  convenient  for  the  particular  Ules 
the  Inftrument  is  defigned  for  •,  (for  an  Inftrument  made  according 
to  Fig.  88.  the  Angle  L  M  F  may  be  of  about  65  Degrees.)  IKGH 
is  another  fmaller  plane  Speculum,  fix'd  on  fuch  Part  of  the  Oftant 
as   will     likewife    be    determined  by   its  particular  Ufe,  and  hav- 
ing its  Surface  in  fuch  Dire&ion,    that  when  the  Index  is  brought 
to  mark    the  beginning  of  the  Divifions    {u  e.  o^)  it  may    be  ex- 
aftly   parallel  to  that  of  the  other  ;  this  Speculum  being  turned  to* 
wards  the'  .Obferver,  and  the  other  from  him.     P  R  is  a  Telefcopc 
fix'd  on  one  Side  of  the  06tant,    having  its  Axis  parallel  to  that 
Side,  and  palling  near  the  middle  of  one  of  the  Edges  IK  or  I H 
of  the  Speculum  IKGH;  fo  that  half  its  Objedlr-Glafs  may  receive 
the  Rays   refleded  from  that  Speculum,  and  the  other  half  remain 
clear  to  receive  them  from  a  diftant  Objeft,     The  two  Specula  muft 
alfo  be  difpos'd  in  fuch  manner,  that  a  Ray  of  Light  coming  from 
a  Point  near  the  middle  ot  the  firft  Speculum,    may  fall   on  the 
middle  of  the  fecond  in  an  Angle  of  70  Degrees  or  thereabouts,  and 
be  thence  refledcd  into  a  Line  parallel  to  the  Axis  of  the  Telefcope, 
and  that    a    clear  Paflage  be   left  for  the  Rays  coming  from  the 
Objedl    to   the  Speculum  E  F  by  the  Side  HG.     ST  is   a  dark 
Glais    fix*d    in  a  Frame,   which  turns  on  the  Pin  V  >    by  which 
Means    it    may    be    plac*d    before   the  Speculum  EF,    when  the 
Light  of  one  of  the  Objefts  is  too  ftrong  :  Of  thefe  there  may  be 
fcveral. 

Fig.  89.   In  the  diftindt  Bafe  of  the  Telefcope,  reprefented  by  the  jjy 
Circle    abcdefy    are  placed  three  Hairs,    two  of  which,  ac  and    ^^* 
h  d,   are  at  eaual  Diftances  from,  and  parallel  to  the  Line  g  h^  which 
paflcs  through  the  Axis,  and  is  parallel  to  the  Plane  of  theOftanc: 
The  third  fc  is  perpendicular  togh  through  the  Axis. 

The  Inftrument,  as  thus  defcril^d,  will  ferve  to  take  any  Angle 
not  greater  than   90  Degrees  ;    but  if  it  be  defign*d  for  Angles 

from 
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iTDm-90tat*o4>cgreesrtl=ie  polBb*45«rf^  of  the  Speculum  EF 
Fig.  88.  muft  be  turned  towards  the  Obferver  •,  the  fccondlKGH 
niuft  be  brought  forward  to  the  Pofition  N  O,  io  as  to  receive  on 
>its  Middle  the  Rays  of  Light  from  the  middle  of  the  firft  in  an 
Angle  of  about  25  Degrees,  their  Surfaces  being  perpendicular  to  one 
ainother'.  when  the  Index  is  brought  to  the  End  of  die  divided 
Arch  n«tG  ;  add  this  fecond  muft  ftand  five  or  fix  Inches  wide 
of  die  firftv  that  the  Head  of  the  Obferver  may  not  intercept  the 
Rays  in  their  Paffage  towards  k,  when  the  Angle  to  be  obferv'd 
:is  near  180^.  The  fmaller  Speculum  is  fix*d  perpendicularly  on  a 
routtid  brafs  Plate,  tooth'd  on  the  Edge  \  and  may  be  adjufted  by 
an.endlds  Screw. 

,  In  order  to  make  an  Obfervation,  the  Axis  of  the  Telefcope  is  to 
/be  directed  cowards  one  of  Ae  Objefts,  die  Plane  of  the  Inftrument 
pafling  as  near  as  may  be  through  the  other,  ^  which  muft  lie  to  that 
.Hand  of  the  Obferver,  as  the  particular  Form  of  the  Inftrument 
>inay'  require  ;  viz.  the  fame  Way  that  the  Speculum  E  F  does  fi-om 
'      J  KG  H,    if  it  be  composed  accordinjg  to  this  Figu*"c  and  EJefcrip- 
vtion.    The  Obferver's  Eye  being  applied  to  i;he  Telefcope,    fo  as 
tb    keep  fight  of  the  firft,   Objcft  ;   thc'lpdex   muft  be  moved 
^      backward  and  forward  tiH  the  fecond  Obje(^  ,is  likewife  brought 
>io  appear  through  the  Telefcope,  about  the  fame  Diftance  from  the 
«   QA  Hair  r/  Rg.  90.  as  die  firft:    If  then  the  Objefts  appear  wide   of 

^*  ^*        one  another,  as  at  i  and  *,  the  Inftrument  muft  be  turn'd  a  little 
on  the  Axis  of  the  Telefcope,  till  they  come  even,  or  very  near- 
ly fo,  and  the  Index   muft  be  removed  till  they  unite  in  one,    or 
appear  clofe   to  one    another  in  a  Line  parallel  to  c/,    both  of 
them  being  kept  as  near  the  Line  gh  z.^  they  can.     If  the  Inftru- 
;          mcnt  be  then  turned   a   little   on    any   Axis   perpendicular  to  its 
.Plane,    the  two   Images-  wiH  move  along  a  Line  parallel  to  g  by 
but  keep  the  fame  Pofition  in  refpcdb  of  qp?  another  ;    fo  that  in 
-whatever  Part  of  that  Line  they  be  obferved,  the  Accuracy  of  the 
^Obfervation  will  be  no  otherwife  aflfefted  than  by  the  Indiftinftnefc 
.of  the  Ob)e<as.    If   the  two  Objedls  be  not  in  the  Plane  of  the 
•Jnftrument,    but   equally    elevated  on,    or   deprefsM    below    it^ 
they  will  appear  together    at  a    Diftance. from     the    Line  gb^ 
-when  the  Index  marks  an  Angle  fdmething  greater  than  their  neareft 
rDiftance   in  a  great  Circle  :    And  the   Error  of  the  Obfervatba 
^will  increafe  nearly  in  Proportion  to  the  Square  of  their  Diftance 
^from  that  Line  ;  but  may  be  correded  by  help  of  the  fifth  Corol- 
lary.    Suppofe  the  Hairs  a'e  and  b dy   each  at  a  Diftance   from 
•the  Line  gh,  equal  to   ^.f^J  of  the  focal  Length  of  the  Objefl-  _ 
Glafs,  fo  as  to  comprehend   between  them  the  Image  of  an  Ob-'^ 
jcdt,  whofe  Breadth  to  the  naked  Eye  i&  a^  litde  more  than  2^  ^  ; 
.   .  and  let  the  Images  of  the  Objefts  appear  imited  at  either  of  thofe 

iHairs:   Then  .as  .the  SFne  CdrapIement'X)f'lrnlf  the  Degrees    and 
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Minutes  markM  by  the  Index,  is  to  the  doubled  Sine  of  the  fame; 
fo  is  one  Minute  to  the  Error  which  is  always  to  be  fubftraft- 
cd  from  the  Obfervarion.  Other  Hairs  may  alfo  be  placed  in  the 
Area  ab  c  def^  parallel  logb^  and  at  Diftances  from  it  proportional 
to  the  fquare  Roots  of  the  Numbers  i,  2,  3,  4,  ^c.  and  then  the 
Errors  to  be  fubftrafted  from  the  fame  Obfervation  made  at  each 
of  thofc  Hairs  refpeftively,  will  be  in  Proportion  to  the  Numbers 
I,  2,  3,  4,  fcfr.  This  Correftion  will  always  be  exadt  enough  if 
the  Obfervcr  take  care  (efpecially  when  the  Angle  comes  near 
180'')  to  keep  the  Plane  of  the  Inftrument  from  varying  too  much 
from  the  great  Circle  pafling  thro'  the  Objefts. 

In  regard  to  the  Workmanlhip,  if  an  Exaftnefs  be  required  in 
the  Obfervations,  the  Arch  ought  to  be  divided  with  the  greateft 
Care ;  becaufe  all  Errors   committed  in  the  Divifion  are  doubled 
by  the  Refleftions.     The  Index  muft  have  a  fteady  Motion  on  the 
Center,  fo  that  the  Axis  of  it  remain  always  perpendicular  to  the 
Plane  of  the  Oftant-,   for  if  that  alter,    it  will  be  liable  to  vary 
the  Inclination  of  the  Speculum   it  carries  to  the  other  :    The  Mo- 
tion muft  likewife  be  eafy,  left  the  Index  be  fubjeft  to  bend  edge- 
ways :  For  the  fame  reafon  it  Ihould  be  as  broad  at  that  End  next 
the  Center  as  conveniently  can  be.     The  Specula  Ihould  have  their 
Surfaces  of  a  true  Flat ;  becaufe  a  Curvature  in  either  of  them,  be- 
fide  rendering  the  Objeft  indiftind,    will   vary  its  Pofition,    when 
feen  by  Refleclion  from  different  Parts  of  them  :  They  muft  alfo 
be  of  a   fufficient  Length  and  Breadth  for  the  Telefcope  to  take 
in  a  convenient  Angle  without  lofing  the  Ufe  of  any  Part  of  the 
Aperture  of  its  Objcd-Glals,  and  that  in  all  the  different  Pofitions 
of  the  Index.     They  may  be  either  of  Metal  or  Glafs  Plates  foil'd, 
having  their  two  Surfaces   as    nearly  parallel   as  the^can;    yet  a 
fmall  Deviation  may   be  allowed  ;    provided  either  meir  thickeft 
or  thinneft  Edges  (and  confequently  the  common  Seftion  of  their 
Surfaces)  be  parallel  to  the  Plane  of  the  Oftant :  For  in  that  Cafe, 
though  there  are  feveral  Rcprefentations  of  the  Objeft,    they  will 
be  always  very  near  one  another  in  a  Line  parallel  to  €f\  and  any  of 
them  may  be  ufed,  except  when  the  Angle  to  be  obfcrved  is  very 
fmall.     The  chief  Inconvenience  will  be,  that  a  fmall  Star  will  bo 
more  difficultly  difcerned,  the  Light  being  divided  among  the  fe- 
veral Images.     The  Telefcope  may  be  contrived  to  alter  its  Situa- 
tion, fo  as  to  receive  the  refledled  Rays  on  a  greater  or  lefs  Part 
of  its  Objeft^lafs,  if  the  Objedts  differ  in  Brightncfs.     Tho,  fccond 
Speculum  may  have  a  Pare  unfoii^d,  that  if  cither  of  them  be  fuf- 
ficiently  luminous,  the  lefs  bright  may  be  fecn  through  it  by   the 
whole  Aperture.     If  the  Sun  be  one  of  the  Objects,    or  the   Moon 
be  compared  with  a  fmaller  fix*d  Star;  their  reflefted  Images  muft 
be  ftill  farther  weakened  by  the  Interpofition  of  one  or  nwre  of  the 
dark  Glafles  S  T.     An  cxaft  Pofition  of  the  Telefcope  is  not  necef- 
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fary  (  and  the  Inftrument  may  be  ufcd  without  one,  the  Difpofition 
of  the  Specula,  with  regard  to  the  Sedor  and  Index,  being  fuch 
as  may  allow  the  Eye  to  be  brought  as  near  the  fecond  Speculum 
as  may  be,  and  make  the  Inftrumeut  the  moft  commodious  for 
the  Obferver. 

No  greater  Degree  of  Steadinefs  is  requifite  in  the  Pedcftal,  or 
Machine  which  carries  this  Inftrument,  than  what  is  fufHcicnt  for 
the  Telefcope  us*d  with  it :  For  although  the  vibrating  Motion  of 
the  Inftrument  may  occafion  the  Images  of  the  Objefts  alfo  to  vi- 
brate crofs  one  another ;  their  apparent  relative  Motion  will  be 
very  nearly  in  Lines  parallel  to  cf  \  and  it  will  not  be  difficult 
to  diftinguilh  whether  they  coincide  in  croffing  one  another,  or 
pafs  at  a  Diftance :  And  if  the  Objefts  are  near  one  another,  and 
the  Telefcope  magnify  but  about  four  or  five  Times,  it  may  be 
held  in  the  Hand  without  any  (landing  Support.  In  this  Manner 
the  Altitude  of  the  Sun,  Moon,  or  fome  of  the  brighter  Stars  from 
the  vifible  Horizon  may  be  taken  at  Sea,  when  it  is  not  too 
rough. 

Fig.  90.  fhews  an  Inftrument  dcfigned  for  this  Purpofe  ;  differ- 
ing from  the  foregoing  Defcription  chiefly  in  the  placing  the  Specula 
and  Telefcope,  with  regard  to  the  Scftor  and  Index  ;  it  has  alfo  a 
third  Speculum  N  O  difpos'd  according  to  the  Diredlions  when  the 
Angle  IS  greater  than  90  Deg.  whofe  Ufe  is  to  obferve  the  Sun's 
Altitude  by  Means  of  the  oppofite  Part  of  the  Horizon.  In  placing 
thefe  two  fmaller  Specula,  it  will  be  farther  neceffary  to  take  care 
that  the  Speculum  IK  GH  do  not  ftand  fo  as  to  intercept  any 
of  the  Rays  coming  from  the  greater  one  fix*d  on  the  Index  to  the 
third  N  O,  nor  either  of  them  hinder  the  Index  from  coming  Home 
to  the  End  of  the  divided  Arch.  W  Q^is  a  Diredlor  for  the 
Sight  ;  whi^  is  neceffary  when  the  Telefcope  is  not  made  ufe  of- 
This  confifts  of  a  long  narrow  Piece,  which  Aides  on  another  fix'd 
on  the  back  of  the  Odtant,  and  carries  at  each  End  a  Sight  erefted 
perpendicularly  on  it:  It  may  be  removed  at  Pleafure,  and  ex- 
changed for  the  Telefcope,  which  Aides  on  in  the  fame  manner, 
both  ferving  indifferently  with  either  of  the  two  fmaller  Specula. 
The  Eye  is  to  be  plac'd  clofe  behind  the  Sight  at  W5  and  the 
Thread  ftretch'd  acrofs  the  opening  of  the  other  Sight  at  O  per- 
pendicular to  the  Inftrument  is  to  affift  the  Obferver  in  holding 
It  in  a  vertical  Pofture,  who  is  to  keep  this  Thread  as  near  as  he 
can  parallel  to  the  Horizon,  and  the  Objeft  near  the  upright  one. 

How  far  an  Inftrument  of  this  Kind  may  be  of  Uft  at  Sea  to  take 
the  Diftance  of  the  Moon's  Limb  from  the  Sun  or  a  Star,  in  or- 
der to  find  the  Ship's  Longitude,  when  the  Theory  of  that  Planet 
is  perfeft,  I  leave  to  trials  to  determine. 

The  Society  has  the  Satisfaftion  of  knowing  th^t  Theory  to  be 
already  brought  to    a  good    Degree  of  certainty  and  exaftneis, 
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dirough  the  confummate  Skill  of  a  very  learned  Member;  and  have 
great  reafon  to  hope,  it  will  in  a  little  tinrie  appear  to  be  compleated 
by  the  continu'd  Application  of  fome  of  their  own  Body. 

VII.  Signior  Gtzlaftzonij  an  Ilalian  Gentleman,  fhew*d  me  a  Paper  ne  different 
of  Signior  Rixzetti'^y  wherein  he  denied  the  ditFerent  Refrangibility  of  rifmngibUity 
die  Rays  of  Light;    becaufe  an  Experiment  mehtionM  in  Sir  Ifaac^{f°[^^^'^ 
Newion^s  Optics  (5,.i.  Prop.  i.  Exp.  i.)  had  nor  fucceeded  with  him  XorD7{^ 
«tho*  after  many  Trials.     At  the  Defire  of  Sir  Ifaac  Newton^    I  re-  aguHcrs. 
pcatcd.the  Experiment  before Jiimaad  Signior  Gizlanzoniy    and  fome  N«>574/).2o6. 
-other  Pcrfons,  who  were  fully  fatisfiedwith  the  Succefe  of  it.     The 
Experiment  and  the  Particulars  which  if  duly  put^in  Praftice,  will 
make  it  always  fucceed,  I  beg  leave  to  add. 

I  painted  one  half  of  the  Card  RB,  Fig.  91.  as  B,  with  Ultra-  Fig.  91. 
Marine^  made  deeper  with  a  fmall  Mixture  of  Indigo ^  and  the  other 
.half  R,  with  Cinnabar  heightened  with  a  little  Carmine^   fo  that  the 
Line,  that  feparated  the  red  from  the  blue,  was  perpendicular  to  the 
long  fides  of  the  Card. 

Then  I  wrapped   a  Hack  Silk  four   times    together,   over   the 
middle  of  each  painted  part  of  the  Card,  as  in  Fig.  ^2.  Fig.  92. 

Upon  a  fquare  Trencher,  Rg.  93.  painted  black,    and  fufpended  Fig.  93. 
^verdcally  againft  a  Wall,  I  fix*d  my  coloured  Card  with  a  Pin,  and 
the  Room  being  made  ver^  dark,    I  enlighten'd  the  Card  with  a 
ftrong  Light  thrown  upon  it  from  a  dark  Lanthorn,  that  had  two 
Convex  Ghffes  in  it;    then  fetting  up  the  Lens  LL,  (reprefente<J 
ty  Ftg.  94.3  in  fuch  manner,    that  its  Axis  pafs'd  perpendicularly  Fig.  94, 
tW  the  Image  of  the  Card,    at  the  diftance  of  nine  Feet  from 
the  Card,  the  Image  of  the  Card  being  received  upon  a  white  Paper, 
at  the  diftance  of  nine  Feet  on  the  other  fide  of  the  Lem^  at  B,  the 
Wue  half  appeared  diftind,  with  the  Image  of  the  black  Silk  going  ver- 
tically along  its  Plain,  whilft  no  Appearance  of  the  black  Silk  was 
ETceivable  on  the  red  half.    Then  removing  the  Paper  about  two 
ches,  to  R,  the  red  half  of  the  Image  had  a  black  Line  very  plain 
iiponit,  whilftit  wasinvifibleon  thebluehalf.     This  was  more  evi- 
dent, when  a  ftrong  Image  of  the  Candle  was  fucceffively  thrown  on 
-that  half  of  the  Card,  whofe  Image  was  under  Examination.   When 
the  Paper  was  held  in  the  middle  between  R,  and  B,  the  black  Line 
4]pon  each  Colour  was  vifible,  but  indiftind. 

N.  B.  Care  muft  be  taken  that  the  Colours  be  deep. 

YIII.  An  Account  of  a  Booky  intitPd, 

De  Luminis   AffeSlionibus  Specimen  Pby/ico-Matbematicumt    dedi-N<^4.46^.;9«. 
caxed  to  Cardinal  Polignacy  and  printed  at  Trevife  and  VenicCy  iT^y^ 
i>y  Signior  Rizzettu 

*  Seealfo  A^.  Erudit.  Lipf.  Supplem.  torn.  8.  i-  3.  p.  130. 231. 
Vol,  VL  U  Dc. 
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Dr.  Defaguliers  takes  notice,  in  his  report,  of  the  Author^s  unhand- 
fome  treatment  of  Sir  /.  Newion  5  the  many  grofi  miftakcs  he  has  com- 
mitted ;  that  there  is  no  Experiment  of  Sir  /.  Newton  called  in  queftion, 
but  what  is  true,  and  no  Confequence  diflTerent  from  Sir  Ifaac*%  drawn 
from  the  Experiments  he  allows  to  be  true,  but  what  is  falfe ;  and  con- 
cludes that  t£n  Months  well  employed  in  reading  Sir  Ifaac*&  Book,  wiiL 
make  him  amejods  foe  his  tin  2>ar;  prejudiced.  Examination* 
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irr^HE   Syilcm  oF  the  World,    as  it  is  now  underftood,   is'O/f^e  Infinity 
X    taken  to  occupy  the  whole  Jby/s  of  Space^    and  to  be  ^f/plJ^^'^^rs 
fuch  adhaally  infinite;  and  the  Appearance  of  the  Sphere  of  FixM |J ^'^ Halfcy! 
Stars  ftill  difcovering  fmaller  and  fmaller  ones,  as  you  apply  beC-N«>364.^.  22. 
tcr  Telcfcopes,  feems  to  confirm  this  Doftrine.    And  indeed,  were 
the  whole  Syftem  finite,  it,  though  never  fo  extended,    would  ftill 
occupy  no  part  of  the  infinitum  of  Space,  which  neceflarily  and  e- 
vidcntly  ^xifts ;  whence  the  whole  would  be  furrounded  on  all  fides 
widi  an  infinite  inanf^  and  the  fuperficial  Stars  would  gravitate  to- 
wards thofc  near  the  Center,  and  with  an  accelerated  Motion  run 
into  them,  and  in  procels  of  Time  coalefcc  and  unite  with  them 
into  one.     And,  fuppofing  Time  enough,  this  would  be  a  neceflary 
Confcquence.     But  if  the  whole  be  Infinite,   all   the   Parts  of  it 
would  be  nead-ly  in  aquiUbrio^    and  confequently  each  Fix*d  Star, 
being  drawn  by  contrary  Powers,  would  keep  its  Place ;  or  move^ 
till  fuch  time,  as,    from  fuch  an  iBquiUbrtum^    it  found  its  refting 
Place ;  on  which  account,  fome,  perhaps,  may  think  the  Infinity 
«f  the  Sphere  of  Fix'd  Stars  no  very  precarious  Poftulate. 

But  to  this  I  find  two  Objeflions,  which  are  rather  of  a  Meta- 
phyfical  than  Phyfical  Nature  •,  and  firft,  this  fuppofes,  as  its  con- 
-fcqucnt,  that  the  Number  of  Fix'd  Stars  is  not  only  indefinite,  but 
adually  more  than  any  finite  Number  •,  which  feems  abfurd  in  ter^ 
mnisj  all  Number  being  compofed  of  Units,  and  no  two  Points 
or  Centers  being  at  a  Diftance  more  than  finite.  But  to  this  it 
may  be  anfwer*d,  that  by  the  fame  Argument  we  may  conclude 
againft  the  poflibt4ity  of  eternal  Puration,  becaufe  no  number  of 
I>iys,  or  rears,  or  Ages,  can  compleat  it.  Another  Argument 
I  have  heard  urged,  that  if  the  Number  of  Fix*d  Stars  were  morc\ 
dian  finite,  the  whole  Superficies  of  their  apparent  Sphere  would 
be  luminous,  for  that  thofe  fliining  Bodies  would  be  more  in  Nun> 
her  than  there  are  Seconds  of  a  Degree  in  the  j4rea  of  the  whole 
fpherical  Surface,  which  I  think  cannot  be  denied.  But  if  we  fup* 
pofe  all  the  Fix*d  Stars  to  be  as  far  from  one  another,  as  the 
ncarcft  of  them  is  from  the  Sun  ;  that  is,  if  we  may  fuppofe  the 
Sun  to  be  one  of  them,  at  a  greater  Diftance  their  Diflcs  and 
Light  wiH  be  diminiftiM  in  the  Proportion  of  Squares,  and  the 
Space  to  contain  them  will  be  increafed  in  the  f^me  Proportion  ^ 
fo  that  in  each  fpherical  Surface  the  Number  of  Stars  it  might 
contain,  will  be  as  the  Square  of  their  Diftances.     Put  then  the 
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Diftanccs   immenfcly   great,    as  we  are  well    affured  they  cannot- 
but  be,  and  from  thence  by  an  obvious  Calculus^  it  will  be  founds 
that  as  the  Light  of  the.Fix'd  Sears  diminilhes,  the  Intervals  between-^ 
them  decreafe  in  a  lefs  Proportion,  the  one  being  as  the  Diftances^. 
and  the  others  as  the  Squares  thereof,  reciprocally.     Add  to  this^, 
that    the   more  remote  §ters,    and  thoCe  far  fhdrt  of  the  remotelV 
vanifli  even  in  the  niceft'  Telefcopes,    by  reafon  of  their  extream^ 
minutenefs  ;    fo  that,    though  it  were  true,    that  fome  fuch  Stars- 
are  in  fuch  a  Place,  yet  their  Beams,  aided  by  any  help  yet  known^ 
are  not  fufficient  to  move  our  Scnfc ;  after  the  fame  manner  as  a 
fmall  Telefcopicar  Fix*a  Star  is  by  no  means  perceivable   to  the 
naked  Eye. 

OftbeNumher,     IF.  At  tKe  laft  meeting  of  the  Society,  I  adventured  to  propofe^ 
Order,  and     feme  Arguments,  that  feemed  to  me  to  evince  the  Infinity  of  the 
F^^yllrUs^^^^''^''^  Fix^d  Stars,  as  occupying  the  whole  Abyfs  of  Space, or 
tbefame.   N^^^^  ro  vavj  which  at  prefent  is  generally  underftood  to  be  necefla- 
3[04-/>.  24.     rily  Infinite  i  and  thence  I  laid  before  you^  what  may  feem  a.very- 
Metaphyftcal  Paradox ^  viz.  That  the  Number  of  Fuc*d  Stars- muft 
Chen  be  more  than  any   finite  Number,    and  fome  of  thenv  more 
than  at  a  finite  Diftance  from  others.      This   feems  to  involve  a 
Contradiftion,  but  it  is  not  the  only  one  that  occurs  to  thofe  wha 
have  undertaken  freely  to  confi^der  the  Nature  of  Infinite,    which- 
"^      perhaps  the  very  narrow  Limits  of  humane  Capacity  cannot  attain  to.- 
Since  then,  1  have  attentively  examined  what  might  be.  the  Con- 
fequence  of  an  Hypothefis,  that  the  Sun  being  one  of  the  Fix'd  Stars 
all  the  reft  were  as  far  diftant  from  one  another,  as  they  are  horn 
iis ;  and  by  a  due  Calculation  I  find,  that  there  cannot,  upon  that 
Suppoficion,    be  more  than   thirteen    Points  in  the  Surface  of  a> 
Sphere,  as  far  diftant  from  the  Center  ofT  it,  as  they  are  from  one 
another  :  and  I  believe  it  would  be  hard  to  find  how  to  place  thirteen 
Globes  of  equal  Magnitude,  fo  as  to  touch  one  in  the  Center :  for 
the  twelve  Angles  of  the /<rrj/i^^r(?«  are  from  one  another  very,  lit- 
tle more  diftant  than  from  its  Center;    that  is,    the  Side  of  the. 
Triangular   Bhfe  of  that  Solid,    is  very  little  more  than  tlie.  Semi- 
diameter  of  the  circumfcribed  Sphere,  it  being  to  it  nearly  as.  21. 
to  20  ;  fo  thatriris  plain,  that  fomewhat  mope  than  twelve  equal' 
Spheres  may   be  pofited  about  a  middle  one ;    but  .  the    fbhenca^ 
Angles  or  Inclinations  of .  the  Planes  of  thefe  Figures  beinc/incom- 
menfurable  with  the  360  Degrees  of  the  Circle,  there  wiirbefeve-- 
ral  Interftices  left,  between  fome  of  the  twelve,,  but  net  fuch  as  to- 
receive  ^in  any  Part  the  thirteenth  Sphere. 

Hence  it  is  no  very  improbable  Conjefture,  that  the  Number  of 
the  FixM  Stars  of  the  firft  Magnitude  is  fo  fmall,  becaufe  this  fu- 
fjerior  Appeararxe  of  Light  arifes  from  their  nearnefsi  thofc  that 
are  Icfs  fhcwing  themfclyes  io  fmall  by  reafon  of  their  greater  diftance. . 
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Kow  there  are  b  all  but  fixteen  fixM  Stars  in  the  whole  Number 
of  them,  that  can^  indifputably  be  -accounted  of  the  firft  Magni-^ 
tudc  ;  whereof  four  are  extra  Zodiacum ;  viz.  Capella^  ArSlurus^  Lu*- 
iida  Lyrd^  and  LuciJa  Aquilte^  to  the  North  -,  four  in  the  way  of 
the  Moon  and  Planets^  to  wit,  Palilicium^  Cor  Leonis^  Spica,  and 
Cor  S carpi ;  and  five  to  the  Southward^  that  are  feen  in  Englandy 
vfe.  The  Fo6t  and  Right  Sbouliier  of  Orion,  Sirius,  Frocyon^    and  , 

Fomdbaut  \  and  there  are  three  more  that  never  rife  in  our  Hori- 
zon, viz.  Canofus^  Acbarndrj    and  the  Foot  of  the  Centaur. 

But  that  they  exceed  the  Number  thirteen,  may  be  eafily  accounted 
for  frona  the  different  Magnitudes  that  may  be  feen  in  the  Stars  them- 
fclves  ;  and  perhaps  fomc  of  them  may  be  much  nearer  to  one 
another,  than  they  are  to  us;  this  excels  of  Number  being  found 
fingiy  in-  the  Signs  of  Gemini  and  Cancer.  And  indeed  within  45 
Degrees  of  Longitude,  or  one  8th  of  the  whole,  there  are  no  lefe  ' 
Aan^  five  of  thele  fifteen  to  be  feen.  If  therefore  the  Number  of 
them  be  fuppofed  /Air/^^«,  omitting  Niceties  in  a  Matter  of  fuch 
Iiregularity,  at  twice  the  Diftance  from  the  Sun  there  may  be  pla- 
ced four  times  as  many,  or  52  ;  which,  with  the  fame  Allowance,  . 
would  nearly  reprcfcnt  the  Number  of  the  Stars  we  fihd  to^  be  of 
the  2d  Magnitude  :  fo  9  x  13,  or  117,  for  thofc  at  three'  times  the 
Diftance:  and  at  ten'  rimes  the  Diftance  loox  13* or  1300  Stars; 
which  Diftance  may  perhaps  diminifh  the  Light  of  any  of  the 
Stars  of  the  firft  Magnitude  to  that  of  the  fixth,  ic  befng  but  the 
hundredth  Part  of  what,  at  their  prefent  Diftance,  they  appear  with. 
But  if,  fince  we  have  room  enough  for  it,  we  fhould  fuppofe  the 
Sphere  continued  to  lO  times  the  laft,  or  100  times  the  firft 
Diftance,  the  Number  of  Stars  would  be  130,000,  and  they  would 
appear  but  with  the  1 0,000th  Part  of  the  Liaht  of  a  firft  Mag- 
nitude Star,  as  we  now  fee  it.  This  is  fo  fmall  a  Pulfe  of  Lighr, 
that  it  may  well  be  queftioned,  whether  the  Eye,  aflifted  with 
any  artificial  help^  can. be  made  fenfible  thereof.  But  100  times 
^he  Diftance-  of  a  Star  we  fee,  is  ft  ill  Finite :  from  whence  I  leave 
thofc  thiitvpJeafe  to  confider  it  attentively,  to  draw  the  Conclufion. 

m.-Thte  following  Obfervations  were  begun  by  the  ^OT\oxxT3h\t  Motion  in  tke 
Samuel  Molyneux^  Elq;  at  7&w,  continued  and  repeated  by  myfdf  VLtFix'^iStan  <///. 
Kew  and  tVanftead,    in  hopes  of  verifying  thofe,-  that  *  Dr.  Hooke^^^^'j^'j^^ , 
formerly  communicated  to  the  Public,  concerning  the  Parallax  ^ftbe^gf^u^^   ' ' 
the  Fix* d  Stars.      Therefore  the  fame  Star  was  made  dioice  of  by  ^^uM  Mo- 
Mr.  Molyneuxj  almoft  the  fame  Method  followed,    and  his 'IhiirU' tion  cf  Light 
ment  conftrudted  upon  Principles  nearly  the  fame  ;  but  greatly  ex-  ^/f'^i^^l  ^^, 
ceeding  the  Doftor's  in  exadlnefs,  which  was  chiefly  owing  to  our  j^'^' J^o""^5^ 

•  An  Attempt  to  prove  the  Motion  of  the  Earthy  Crom  Obfervations  mscle  hy' Robert 
Hmki,  Ecllow  of  iht  ^ Roy /ilSffcifty,.  Lond.  1674:.- 
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curious  Member  Mr.  George  Graham^  to  whom  the  Lovers  of  Aftra- 
npmy  are  alfo  indebted  for  feveral  other  exad  and  irell  cxintriv* 
^d  Inftruments. 

Mr.  Molyneux^s  Apparatus  was  compleated  and  fitted  for  cb&rv^ 
ing  about  the  End  of  November  1725,   and  on  die  third  Day  of 
>  December  following,  the  bright  Star  in  the  Head  of  Dr^^  (mark* 
ed  7  by  Sayer)  was  for  the  firft  Time  obferved,  as  ic  palQed  near 
the  Zenith,  and  its  Situation  carefully  taken  mth  the  laftnuneoC 
The  like   Ohfervatipns  were  made  on   the  5th,    iidi,   and  i2tfaL 
Days  of  the  fame  Month,  and  there  appearing  im>  miterial  D^- 
rence  in  the  Place  of  t;he  Star,   a  farther  Repetition  of  diem  at 
this  Seafon  feemed  needlefs,  it  betog  a  Part  of  the  Year,  ^^here* 
in  no  fenfible  Alteration  of  Parallax  in  this  Star  could  teon  be  ex* 
pedted.    It  was  chiefly  therefore  Curiofity  thai  tempted  mc  (bebig 
then  at  Kew^  where  die  Inftrument  was  fixed^  to  prepane  ^for  oiv 
ferving  the  Star  on  December  17th;  when  having  a<^ufted  the  lo- 
ilrument  as  ufual,  I  perceived  that  it  pa0ed  a  little  more  Southerly 
this  Day  than  when  it  was  obferved  before.      Not  fufpefting  any 
other  Caufe  of  this  Appearance,    we  firft  concluded,    that  it  was 
owing  to  the  Uncertainty  of  the  Obfervations,  and  that  either  th» 
or  the  foregoing  were  not  fo  exa&  as  we  had  before  fuppofed ;  for 
which  Reafon  we  purpofed  to    repeat  the  Obfervation  again,    in 
order  to  determine  from  whence  this  Difference  proceeded  ;    and- 
•upon  doing  it  on  Dece$niter  20th,  1  found  that  the  Star  pafled  ftill 
more  Southerly  than  in    the  form^  Obfervations.    This  fenfible 
Alteration  the  more  furprized  us,  in  that  it  was  the  contrary  way 
from  what  it  would  have  been,  had  it  proceeded  from  an  annual 
Parallax  of  the  5/^ :  But  being  now  pretty  well  fatisfied,  that  it 
could  not  be  entirely  owing  to  the  want  of  Exadnefi  in  the  Ob- 
fervations;   :and  havit^  no  Notion  of  any  thing  eUe,   that  could 
caufe  fuch  an  apparent  Motion  as  this  in  the  Star  ;  we  began  to 
think  xhat  fome  Change  in  the  MawiaU,  (^c  of  the  Inftrument 
.itfelf,   might  have  occafioned  it.     Under  thefe  Apprehenfions  we 
remained  fome  time,  but  being  at  length  fully  convinced,  by  fe- 
veral Trials,  of  the  great  Exaftnefs  of  the  Inftrument,  and  finding 
by  the  gradual  Increafe  of  the  Star's  Diftance  from  the  Pole,    that 
there  muft  be  fome  regular  Caufe  that  produced  it ;  we  took  care 
to  examine  nicely,  at  the  Time  of  each  Obfervation,  how  much  it 
was  :  and  about  the  Beginning  of  March  1726,  the  Star  was  found 
to  be  20*'  more  Southerly  than  at  the  Time  of  the  firft  Obfervation. 
It  now  indeed  feemed  to  have  arrived  at  its  utmoft  Limit  South- 
ward, becaufe  in  feveral  Trials  made  about  this  Time,  no  fenfible 
JDifFerence  was  obferved  in  its  Situation.     By  the  Middle  of  jlpril 
it  appeared  to  be  returning  back  again  towards  the  North;  and 
about  the  Be^innii^  of  June^  it  pafled  at  the  fame  Diftance  from 
^he  Zenidi  as  it  had  done  in  December^  when  it  was  firft  obferved. 
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From  the  quick  Alteration  of  this  Starts  Declination  about  th^ 
Time  (it  increafing  a  Second  in  three  Days)  it  was  concluded,  that 
ic  would  now  proceed  Northward,  as  ic  before  had  gone  South- 
ward of  its  prcfent  Siaiation  \  and  it  happened  as  was  conjeftured: 
for  the  Stat  continued  to  move  Northward  till  September  follow- 
ing, when-  it  agam  became  ftationary,  being  then  near  20"  more 
Nwtherly  than  in  Juney  and  na  lefs  than  39"  more  Northerly  than 
it  was  in  March.  From  September  the  Star  returned  towards  the 
South,  till  it  arrived  in  December  to  the  fame  Situation  it  was  in  at 
that  time  twelve  Months,  allowing  for  the  Difference  of  Declination 
on  account  of  the  Preceffion  of  the  Equinox. 

This  was  a  fiifEcient  Proof,  that  the  Inftrument  had  not  been  the 
Dittfe  of  thfe  amwirent  Motion  of  the  Star,  and  to  find  one  adequate  to 
fuch  an  Efftftftcined  a  Difficulty.  A  Nutation  of  the  Eartb*s  Axis  was 
one  of  thefirft  things  that  offered  itfelf  upon  this  occafion»  but  it  wa& 
foon  found  infufficient ;  for  though  it  might  have  accounted  for  the 
change  of  Declination  in  y  Draconis^  yet  it  would  not  at  the  fame  t4me 
agree  with  die  Phaenomena  in  other  Stars  ;  particularly  in  a  fmaD  one 
ahnoft  oppofite  in  right  Afcenfion  to  y  jyraconis^  at  about  the  fame 
Diftance  from  the  North  Pole  of  the  Equator :  For,  thoi^h  this 
Star  feemed  to  move  the,  fame  way,  as  a  Nutation  of ,  the  Earth's 
Axis  would  have  made  it,  yet  it  changing  its  Declination  but  a- 
bout  half  as  much. as  y  Dracoms  in  the  fame  time  (!as  appeared' 
upo»  comparing  the  Obftrvations  of  both  made  upon  the  fame 
Days,  at  difierent  Seafons  of  the  Year)  this  plainly  proved,  thac 
the  apparent  Motion  of  the  Stars  was  not  occarioned  by  a  real  Nu- 
tation, fince  if  that  iiad  been  the  Caufe^  the  Alterauon.  in  both 
Sta»  would  have  been  near  eqijal. 

The'grea^Regularity  of  the  vbfervations  Teft  no  room  to  dbu^)t^^ 
But  thtr  there  was  fome  regulaf  Ca;ufe  that  produced  tJhis  uncx- 
pefted  Motion,  which  did  not  de^jendon  the  Uncertamty  pr  Va- 
riety of  the  Seafons  of  the  Year.      Upon  comparing  the  Obftrva- 
tions  with  each  other,    it  was  difcovered,  .  tjiat  in  both   the  fore-. 
mentioned  Stars,   the  apparent  Difference  of  DecKnatiop  from  the  • 
Maxima^  was  always  nearly  proportional  to  the  vqrfed  STne  of  the 
Sim's  DSftance  from  the  Equmodtial  Pbints.    This,  was  ar>  Fnduce- 
mcnt  to  think,  that  the  Caufe,  whatever  ic  was,  had  fome  Rela- 
tion to  the  Sun's  Situation  with  refpeft  to  thofe  Points. .    But  not 
being  able  to  frame  any  Hypothefls  at  that  Time,    fufficient  ta/ 
Iblvc  aH  the  Phacnomena,^  arid  being  i^ery  dfefirous  to  fearcb  a  little  • 
farther  into  this  Matter;  I  began  to  think  of  erediog  an  Inffirq- 
ment   for  myfeif  ^t  PTanftead^    tbair  having  it  alwap  at  Hand,  T 
mOtit  with  tne  more  Eafe  and  Certainty,   enquire  into  the  Laws 
of  this  new   Motion.     The  Conflderation  likewife  of  being  able 
by  another  Inftrument,  to  confirm  the  Truth,  of  the  Obfcrva^tions 
htthcrto  made  with  Mr.  Molyneux's^   was  no*  finall  Inducement'  to 
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me ;  but  .the  Chief  of  all  was,  the  Opportunity  I  fliould  thereby 
.  have  of  trying,  m  what  Manner  other  Stars  were  affected  by  the 
fame  Caufe,  whatever  it  was.    For  Mr.  Molyneux*s  Inftrument  be- 
ing originally  dcfigned  for  obferving  y  Draconis  fin  order,   as  I 
faid  before,  to  try  whether  ir  had  any  fenlible   Parallax)   was  fo 
contrived,  as  to  be  capable  of  but  little  Alteration  in  its  Direftion, 
r^ot  above  feven  or  eight  Minutes  of  a  Degree:    and  there  being 
few  Stars  within  Jialf  that  Diftance  from  the  Zenith  of  Kew^  briglic 
enough  to  be  well  obferved,   he  could  not,   with   his  Inftniment^ 
-throughly  examine  how  this  Caufe  affefted  Stars  differently  fituated 
fWith  refpcft  to  the  equinofti^il  and  fojflitial  Points  of  the  Eclip- 
tick. 

ThefeConfiderations  determined  me  ;  and  by  the  Contrivance  and 
irDireftion  of  the  fame  ingenious  Perfon,  Mr.  Graham^  myJnftru- 
ment  was  fixed  up  Auguft  19,  1727.  As  I  had  no  convenient 
Place  where  I  could  make  ufe  of  fo  long  a  Telefcope  as  Mr.  Mo- 
lyneux^s^  I  contented  my  felf  with  one  of  bi^t  little  more  >  than  half 
the  Length  of  his  (viz.  of  about  12  i  Feet,  his  being  24^^) judging 
from  the  Experience  which  I  had  already  had,  that. this  .Radius 
would  be  long  enough  to  adjuft  the  Inftrument  to  a  IbfHcient De- 
gree of  E;ca6tjiefs  j  and  I  have  had  no  Reafon  .Cnce  to  change 
my  Opinion:  for  from  all -the  Trials  I  have  -  yet  made,  I  am  very 
well  fatisfied*  that  when  it  is  carefully  reftiged,  its  Situation  may 
be  fecurely  depended  upon  to  half  a  Second.  .As  the  Place  where 
my  Inftrument  was  to  -be  hun^,  in.fome  .Meafure  determined  its 
Radius,  fo  did  .it  alfo  the  Length,  of  .the  Arch^  or  Limb,  on  which 
the  Divifions  were  made  to  adjuft  it:  'For  the  Arch  could  jjot  Gon^- 
veniently  be  extended  fardier,  ■-  than  to  reach  to  about  6^j^  on  each 
Side  my  Zenith*  This  .indeed  was  fiifikienF,  fince  it  gave  me  an 
sOpportunity  of  making  Choice  of  feveral  Stars,  very  difierenc 
-botn  in  Magnitude  «ana  Situation  }  there  being  more  than  two 
hundred  infcrted  in  .the  JBritiJh  Catalogue,  that  mav  be  obferved 
with  it.  I  needed  not  ,to  have  extended  the  Limo  io  fir,  but 
that  i  was  wUlipg  to  tajccin  CaptUa^  .the  only  Star  of  the  firft 
Magnitude  that  comes  fo  near  my  Zenith. 

My  Inftrument  being  fixed,  I  immediately  began  xo  obferve  fuch 
Stars  as  I  judged  moft  proper  to  give  me  light  into  the  Caufe  of 
the  Motbn  alreadv  mentioned.     There  was  Variety  enough  ofimall 
ones;  and  not  lefs  than  twelve,  that  I  could  obferve  through  all 
the  Scafons  of  the  Year ;   they  being  bright  enough  to  be  fcen  in 
!  the  Day-time,  when  neareft  the  Sun.    I  had  not  been  long  obferv- 
ing,   before    I  perceived,    that  the  Notion  we  had  before  enter- 
tained of  the  Surs  being  fartheft  North,  and  South,    when  the  Sun 
♦  was  about  the  Equinoxes,   was  only  true  of  thofe  thatjvere  near 
.  the  folftitial  Colure :  And  after  I  had  continued  my  Obfervations 
^a  few  Months,    Ldifcovered,   what  I  then  apprehended  to  be  a 
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general  Law,  obferved  by  all  the  Stars,  viz.  That  each  of  tliem 
became  ftationary,  or  wis  fartheft  North  or  South,  when  they 
mflfed  over  my  Zenith  at  fix  of  the  Clock,  ehher  in  the  Morning  or 
Evening.  I  perceived  likewife,  that  whatever  Situation  the  Stars 
•were  b  with  refpeft  to  the  cardinal  Points  of  the  Ecliptick,  the 
apparent  Motion  of  every  one  tended  the  fame  Way,  when  they 
paired  my  Inftrument  about  tht  fame  Hour  of  the  Day  or  Night  i 
for  they  all  moved  Southward,  while  they  pafled  in  the  Day,  and 
Northward  in  the  Night ;  fo  that  each  was  fartheft  North,  when 
it  came  about  fix  of  the  Clock  in  the  Evening,  and  fartheft  South, 
when  it  came  about  fix  in  the  Morning. 

Though  I  have  fincc  difcovered,  that  the  Maxima  in  moft  of 
thefe  Stars  do  not  happen  cxaftly  whdn  they  come  to  my  Inftru- 
ment at  thofe  Hours,  yet  not  being  able  at  that  time  to  prove 
the  contrary,  and  fuppofing  that  they  did,  I  endeavoured  to  find 
out  what  Proportion  the  greateft  Alterations  of  Declination  in  dif- 
ferent Stars  bore  to  each  Other;  it  being  very  evident,  that  they 
did  not  all  change  their  Declination  equally.  I  have  before  taken  notice, 
diat  it  appeared  from  Mr.  Molyneux^s  Obfervations,  that  y  Dra- 
eonis  altered  its  Declination  about  twice  as  much  as  the  fore- 
mentioned  fmall  Star  almoft  oppofite  to  it ;  but  examining  the 
Matter  more  particularly,  I  found  that  the  greateft  Alteration  of 
Declination  in  thefe  Stars,  was  i3  the  Sine  of  the  Latitude  of  each 
rcfpeftively.  This  made  me  fufpeft  that  there  might  be  the  like 
Proportion  between  the  Maxima  of  other  Stars  -,  but  finding,  that 
the  Obfervations  of  fome  of  them  would  not  perfcftly  correfpond 
with  fuch  an  Hypothefis,  and  not  knowing,  whether  the  fmall 
Difference  I  met  with,  might  not  be  owing  to  the  Uncertainty 
and  Error  of  the  Obfervations,  I  deferred  the  farther  Examination 
into  the  Truth  of  this  Hypothefis,  till  I  fliould  be  furnilhed  with  a 
Series  of  Obfervations  made  in  all  Parts  of  the  Year  ;  which  might 
enable  me,  not  only  to  determine  what  Errors  the  Obfervations 
arc  liable  to,  or  how  far  they  may  fafely  be  depended  upon  -,  but 
alfo  to  judge,  whether  there  had  been  any  fenfiblc  Change  in  the 
Parts  of  the  Inftrument  itfelf. 

Upon  thde  Confiderations,  I  laid  afide  all  Thoughts  at  that 
Time  about  the  Caufe  of  the  fore-mentioned  Phaenomena,  hoping 
that  I  fhould  the  eafier  difcover  it,  when  I  was  better  provided 
with  proper  Means  to  determine  more  precifely  what  they  were. 

When  the  Year  was  compleated,  I  began  to  examine  and  com- 
pare my  Obfervations,  and  having  pretty  well  fatisfied  myfelf 
as  to  the  general  Laws  of  the  Phenomena^  ^  I  then  endeavoured  to 
find  out  the  Caufe  of  them.  I  was  already  convinced,  that  the  apparent 
Motion  of  the  Stars  was  not  owing  to  a  Nutation  of  the  Earth's 
Axis.  T  he  ^next  Thing  that  offered  itfelf,  was  an  Alteration  ia 
the  DtreSiion  of  the  Plumb-line^  with  which  the  Inftrument  was  con- 
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ftandy  reftificd  •,  but  tlus  upon  Trial  proved  infufficicnt.  Then  I 
confidered  what  RefraSlion  might  do,  but  here  alfo  nothing  li- 
tisfaftory  occurred.  At  laft  I  conjedurcd,  that  all  the  Pbanome- 
na  hitherto  mentioned,  proceeded  from  the  progreffive  Motion  of 
Ught  and  the  Eartb*s  annual  Motion  in  its  Orbit.  Foe  I  per- 
ceived, that,  if  Light  was  propagated  in  Time,  the  apparent  Place 
of  a  fix'd  Objeft  would  not  be  the  fame  when  the  Eye  is  at 
Reft,  as  when  it  is  moving  in  any  other  Diredtion,  than  that  of 
the  Line  paffing  through  the  Eye  and  Objeft-,  and  that,  when 
the  Eye  is  moving  in  different  Dircftions,  the  apparent  Place  of 
the  Objed  would  be  different. 
^i-  95-  I  confidered  this  Matter  in  the  following  Manner.    I  imagined 

C  A  to  be  a  Ray  ojf  Light,  falling  perpendicularly  upon  the  Line 
B  D ;  then  if  the  Eye  is  at  reft  at  A,  the  Objeft  muft  appear  in. 
the  Direftion  A  C,  whether  Light  be  propagated  in  Time  or  iiv 
an  Inftant.  But  if  the  Eye  is  moving  from  B  towards  A,  and 
Light  is  propagated  in  Time,  with  a  Velocity  that  is  to  the  Ve- 
locity of  the  Eye,  as  C  A  to  B  A ;  then  Light  moving  from  C 
to  A,  whilft  the-  Eye  moves  from  B  to  A,  that  Particle  of  ir^ 
by  which  the  Objeft  will  be  difccmed,  when  the  Eye  in  its  Mo- 
tion comes  to  A,  is  at  C  when  the  Eye  is  at  B.  Joining  the  Points 
B,  C,  I  fuppofcd  the  Line  C  B,  to  be  a  Tube  (inclined  to  the  Line 
B  D  in  the  Angle  D  B  C^  of  fuch  a  Diameter,  as  to  admit  of  but 
one  Particle  of  Light ;  then  it  was  eaf)r  to  conceive,  that  the  Par- 
tible of  Light  at  C  (by  which  the  Objeft  muft  be  feen  when  the 
Eye,  as  it  moves  along,  arrives  at  A)  would  pafs  through  the  Tube 
BC,  if  it  is  inclined  to  B  D  in  the  Angle  DB  C,  and  accompa- 
nies the  Eye  in  its  Motion  from  B  to  A  -,  and  that  it  could  not 
come  to  the  Eye,  placed  behmd  fuch  a  Tube,  if  it  had  any  o- 
ther  Inclination  to  the  Line  B  D.  If  infteadof  fuppofing  CBfo. 
finall  a  Tube,  we  imagine  it  to  be  the  Axis  of  a  larger ;  then  for 
the  fame  Reafon,  the  Particle  of  Light  at  C,  could  not  pafs  through 
that  Axis,  unlefs  it  is  inclined  to  BD,  in  the  Angle  C  B  D.  In  lilce 
manner,  if  the  Eye  moved  the  contrary  way,  from  D  towards  A,  witli 
the  fame  Velocity  ;  then  the  Tube  muft  be  inclined  in  the  Angle  BDC-. 
Although  therefore  the  true  or  real  Place  of  an  Objeft  is  perpen- 
dicular to  the  Lme  in  which  the  Eye  is  moving,  yet  the  vilible 
Place  will  not  be  fo,  fince  that,  no  doubt,  muft  be  in  the  Direftion 
of  the  Tube  ;  but  the  Difference  between  the  true  and  apparent 
Place  will  be  {ceteris  paribus)  greater  or  lefs,  according  to  the  dif- 
ferent Proportion  between  the  Velocity  of  Light  and  that  of  the 
Eye.  So  that  if  we  could  fuppofe  that  Light  was  propagated  ia 
an  Inftanr,  then  there  would  be  no  Difference  between  the  real  and. 
vifible  Place  of  an  Objed,  altho*  the  Eye  were  in  Motion,  for  iiv 
that  cafe,  A  C  being  infinite  with  Refpeft  to  A  B,  the  Angle 
A  C  B  (the  Difference  between  the  true  and  vifiblc  Place)  vaniflics, 
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But  if  Light  be  propagated  in  Time  (which  I  prefame  will  rea- 
dily Ije  allowed  by  molt  of  the  Philofophers  of  this  Age)  then  it  is 
evident  from  the  foregoing  Conliderations,  that  there  will  be  always 
a  Differenee  between  the  real  and  vifible  Place  of  an  Object,  unleis 
the  Eye  is  moving  either  direftly  towards  or  from  the  Objcdt.  And 
in  an  Cafes,  the  Sine  of  the  DitFerence  between  the  veal  and  vifible 
Place  of  the  Objed,  will  be  to  the  Sine  of  the  vifible  Inclmation  of 
the  ObjeA  to  the  Line  in  which  the  Eye  is  moving,  as  the  Velo- 
city  of  the  Eye  to  the  Velocity  of  Lighc. 

If  Light  moved  but  looo  times  rafter  than  the  Eye,  and  an 
Objeft  (fuppofed  to  be  at  an  infinite  Diftancc)  was  really  placed  - 
perpendicularly  over  the  Plain  in  which  the  Eye  is  moving,  it  fol- 
lows from  what  hath  been  already  faid,  that  the  apparent  Place 
of  fuch  an  Obje£b  will  be  always  inclmed  to  that  Plain,  in  an  Angle 
of  89^  s^i  »  fo  that  it  will  conftantly  appear  3'i  from  its  true  Place, 
and  ieem  fo  much  le(s  inclined  to  the  Plain,  that  way  towards  which 
the  Eye  tends.  That  is,  if  AC  is  to  A  B  (or  AD)  as  1000  to 
one,  the  Angle  ABC  will  be  ^^  5&\y  and  ACBrrj'^^  and 
B  C  D  =  2  A  C  B  =  7\  So  that  according  to  this  Suppofition,  the 
vifible  or  apparent  Place  of  the  Objedt  will  be  altered  7',  if  the 
DiredioA  oi  the  Eye's  Motion  is  at  one  time  contrary  to  what  it  is 
at  another. 

If  the  Earth  revolve  round  the  Sun  annually,  and  the  Velocity 
of  Light  were  to  the  Velocity  of  the  Earth's  Motion  in  its  Orbit 
(which  I  will  at  prcfent  fuppofe  to  be  a  Circle)  as  1000  to  one; 
then  'tis  eafy  to  conceive,  that  a  Star  really  placed  in  the  very  Pole 
of  the  Ecliptick,  would,  to  an  Eye  carried  along  with  the  Earth, 
feem  to  change  its  Place  continually,  and  (n€gi(?ding  the  fmall  Dif- 
ference on  the  Account  of  the  Earth's  diurnal  Revolution  on  its 
Axis)  would  feem  to  defcribe  a  Circle  round  that  Pole,  every  Way 
diflant  therefrom  ^'\.  So  that  its  Longitude  would  be  varied  through 
all  the  Points  of  the  Ecliptick  every  Year  \  but  its  Latitude  would 
alwajs  remain  the  fame.  Its  Right  Afcenfion  would  alfo  change,- 
and  Its  Declination,  according  to  the  different  Situation  of  the  Sua 
in  refpeft  to  the  eauinoftial  Points  *,  and  its  apparent  Diftance  from 
the  North  Pole  or  the  Equator  would  be  j'  Icfs  at  the  Autumnal, 
than  at  the  Vernal  Equinox. 

The  greateft  Alteration  of  the  Place  of  a  Star  in  the  Pole  of  the 
Ecliptick  Cor  which  in  EfFeft  amounts  to  the  fame,  the  Proportion 
between  the  Velocity  of  Light  ..and  the  Earth's  Motion  in  its  Orbit) 
being  known  -,  it  will  not  be  difficult  to  find  what  would  be  the 
Difference  upon  this  Account,  .between  the  true  and  apparent  Place 
of  any  other  Star  at  any  time ;  and  on  the  contrary,  the  Difference 
between  the  true  and  apparent  Place  being  given  ,  the  Proportion 
between  the  Velocity  of  Light  and  the  Earth's  Motion  in  its  Orbit 
may  be  found. 

X  z  As 


156-  "The  Catife  of  this  new  Motion  applied. 

As  I  only  obfcrved  the  apparent  Difference  of  Declination  of  the  ^ 

Stars,  I  (hall  not  now  take  any  farther  Notice  in  what  manner  fuch  ^ 

a  Caufe  as  I  have  here  fuppofed  would  occafion  an  Alteration  in  *; 

their  apparent  Places  in  other  Rcfpedts  5   but,  fuppofing  the  Earth  '* 

to  move  equally  in  a  Circle,    it  may  be  gathered  from  what  harfi  - 

been    already  laid,  that  a  Star  which  is  neither   in   the  Pole  npr  v 

Plain  of  the  Ecliptick,    will  feem  to  defcribe  about  its  true  Place  i 

a  Figure,   infenfibly  different  from  an  EUipfe,    whofe   Tranfverfe  i 

Axis  is  at  a  Right-angle  to  the  Circle  of  Longitude  paffing  through  ^ 

the  Star's  true  Place,  and  equal  to  the  Diameter  of  the  little  Circle  :- 

dcfcribed  by  a  Star  (as  was  before  fuppofed)  in  the  Pole  of  the  E-  :? 

cliptick  ;  and  whofe  Conjugate  Axis  is  to  its  Tranfverfe  Axis,  as 
the  Sim  of  the  Star's  Latitude  to  the  Radius.  And  allowing  that 
a  Star  by  its  apparent  Motion  does  cxafltly  defcribe  fuch  an  El- 
lipfe,  it  will  be  found,  that  if  A  be  the  Angle  of  Pofition  (or  the 
Angle  at  the  Star  made  by  two  great  Circles  drawn  from  it,  thro' 
the  Poles  of  tht  Ecliptick  and  Equator)  and  B  be  another  Angle, 
whofe  Tangent  is  to  the  Tangent  of  A  as  Radius  to  the  Sine  of  the 
I^atitude  of  the  Star;  then  B  will  be  equal  to  the  Difference  of  Lon- 
gitude between  the  Sun  and  the  Star,  when  the  true  and  apparent 
Declinadon  of  the  Star  are  the  feme.  And  if  the  Sun*s  Longitude 
in  the  Ecliptick  be  reckoned  from  that  Point,  wherein  it  is  when 
thisjhappens  5  thea  the  Difference  between  the  true  and  apparent  De- 
cimation of  the  Star  (on  Account  of  the  Caufe  I  am  now  confidcr- 
ing)  will  be  always  as  the  Sinctyf  the  Sun's  Longitude  from  thence. 
It  will  Kkewife  be  found  that  the  greateft  Difference  of  Declination 
that  can  be  between  the  true  and  apparent  Place  of  the  Star,  will 
be  to  the  Semi-Tranfverfc  Axis  of  the  Ellipfe  ('or  to  the  Semi- 
diameter  of  the  little  Circle  dcfcribed  by  a  Star  in  the  Poleoftlie 
Ecliptick)  as  the  Sine  of  A  to  the  Sine  of  B. 

If  the  Star  hath  North  Latitude,  the  Time,  when  its  true  and 
apparent  Deefination  are  the  fame,  is  before  the  Sun  comes  in  Con- 
}un6lion  with  or  Oppofition  to  it,  if  its  Longitude  be  in  the  firft 
or  laft  Quadrant  {viz,  in  the  afcending  Semi-circle)  of  the  E- 
cliptick ;  and  after  them,  if  in  tlie  defccnding  Semi-circle  j  and  it 
will  appeatneareftto  the  North  Pole  of  die  Equator,  at  the  Time 
of  that  Maximum  (or  when  the  greateft  Difference  between  the  true 
and  apparent  Declination  happens^  which  precedes  the  Sun*s  Coa- 
junftion  with  the  Star, 

Thefe  Particulars  being  fufficient  for  my  prefent  Purpofc,  I  (hall 
not  detain  you  with  the  Recital  of  any  more,  or  with  any  farther 
Explication  ot  thefe.  It  may  be  time  enough  to  enlarge  more  up- 
on this  Head,  when  I  give  a  Defcription  of  the  Inftrumcnis,  fcfc.  if 
that  be  judged  neceffary  to  be  done ;  and  when  I  (hall  find,  what 
I  now  advance,  to  be  allowed  of  (as  I  flatter  myfelf  it  will)  as 
fomething  more  than  a  bare  Hypothcfis,    I  have  purpofcly  omitted 
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fome  matters  of  no  great  Moment,  and  confidercd  the  Earth  as 
moving  in  a  Gircle,  and  not  an  EHipfe,  to  avoid  too  perplexed  a 
Calculus y  which  after  all  the  Trouble  of  it  would  not  fenfibjy  dif- 
fer from  that  which  I  make  ufe  of,  efpecially  in  thofe  Confequcnces 
which  I  ftiall  at  prefent  draw  from  the  foregoing  Hyppthefis. 

This  being  prcn\ifed,  I  fliali  now  proceed  to  determine  from  the 
ObfervationSj  what  the  real  Proportion  is  between  ihj^  Velocicy  qf 
Light  and  th(j  Velocity  of  the  Earth's  annual  Motion  in  its  Orbit; 
upon  Suppofition  that  the  Pbanomena  before  mentioned  do  depend 
upon  the  Caufes  I  have  here  afTigned.  But  I  muft  firft  let  you 
know,  that  in  all  the  Oblervations  hereafter  mentioned,  I  have  made 
an  AHowancp  for  the  Change  of  the  Star's  Declination  on  Account 
of  the  Preceffion  of  the  Equinox,  upon  Suppofition  that  the  Alte- 
ration from  this  Caufe  is  proportional  to  the  Time,  aod  regular 
through  all  the  Parts  of  the  Year.  I  have  deduced  the  real  annual 
Alteration  of  Declination  of  each  St4r  from  the  Dbfervatiojisthem- 
fclve?  ;  and  I  the  rather  c|iQofe  to  depend  Aipon  them  in  this  Article, 
bcdufe  all  which  I  ha  vie  yet  made,  cpncvir  to  prove,  that  the  Stars 
near  the  Equinodlial  Cplure,  change  their  Declination  at  this  time 
I'jQX  %"  in  a  Year  more  than  they  would  do  if  the  Preceffioi? 
was  only  50",  as  is  now  generally  fuppofed.  I  have  likewife  met 
with  ^me  finall  Varieties  in  the  Declination  of  Qther  Stars  in  dif- 
ferent Y4:ars,  which  da  not  feem  t;9  prqcee^  from  the  fame  Caufe^ 
particularly  in  thofe  that  ar?  neaf  ,the  fajftltial  Cojure,  which  pn 
die  contra;-y  have  altered  their  JDeplinatioo  lefs  than  they  ought,  if 
the  PEeceflion  w^s  50".  But  wl;ie?her  thefc  fmall  Alterations  pro«- 
ceed  from  a  regular  {^aufe,  or  a^rf  pccafianed  by  any  Change  ij^  • 
the  MateH*ils,  &c.  of  my  Jnftrueacnr,  I  am  not  yet  able  f^iU^  tQ 
determine.  "However,  I'thou^ht  it, might  not  be.  amlfsjufttp.mea- 
tion  to  you'hbw;  1  have  endf^vpured '  to  a.yo3y  for  them,  though  • 
the  "Refult  w^uldijave  been  i^early  ;he  f^n^je,:  if  I  j^ad  not  confi- 
dercd  tbem  at  all.  Wh^t  that  is,  I  will  fbe\y^  fi^ft  from  tlw;  Obfcr- 
vatioQS  of  y  VractmiSy  which  was  fouod  to  be  39''  more  Southerly 
in  the  Beginning  of  Marcbt  than  in  S,ept(mber. 

From  what  hath  been  premife<?,  it  vi^ill  appear  that  the  greateft 
Alteration  of  the  apparent  fXeclination  pf  y  t)racmsy  on  Acc9unt 
of  the  fuqceffive  JPropagatipn  of  L^ht,  wpvld  be  to  the  pianjeter 
of  the  little  Circle  which  a  Star  (as  was  before  remarked)  would 
feem  to  defcribe  about  the  Pole  of  the  Ecliptick,  as  39"  to  4p",4. 
The  half  of  this  i^  the  Angle  ACB  (as  reprefented  in  the  Fig.) 
This  therefore  being  20",  2,  A  C  will  be  to  A  B,  that  is,  the 
Velocity  of  Light  to  the  Velocity  of  the  Eye  (which  in  this  Cafe 
may  be  fuppofed  the  fame  as  the  Velocity  of  the  Eartli's  annual 
Motion  in  its  Orbit)  as  10210  to  One,  from  whence  it  would  fol- 
low, that  Light  moves,  or  is  propagated  as  fiir  as  from  the  Sua 
to  the  Earth  in  8'  12". 

It 
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It  is  well  known,  that  Mr.  Romer^  who  firft  attempted  to  ac- 
count for  an  apparent  Inequality  in  .the  Times  of  the  Eclipfes  of 
Jupiter*  s  Satellites,  by  the  Hypothefis  of  the  progreflive  Motion -of 
Light,  fuppofed  that  it  (pent  about  11  Minutes  of  Time  in  its 
Paflage  from  the  Sun  to  us  :  but  it  hath  fince  been  concluded  by 
others  from  the  like  Eclipfes,  that  it  is  propagated  as  far  in  about 
7  Minutes.  The  Velocity  of  Light  therefore  deduced  from  the 
foregoing  Hypothefis,  is  as  it  were  a  Mean  betwixt  what  had  at 
different  times  been  determined  from  the  Eclipfes  of  yupitef^%  Sa- 
tellites. 

Thefe  different  Metltods  of  finding  the  Velocity  of  Light  thus- 
agreeing  in  the  Refult,  we  may  reafonably  conclude,  not  only  that 
thefe  Pbtsnomena  are  owing  to  the  Caufes  to  which  they  have  been 
.  afcrfbed  ;  t)ut  alfo  that  Light  is  propagated  (in  the  fame  Medium) 
with  the  fame  Velocity  after  it  hath  been  reflefted  as  before :  for 
this  will  be  the  Confequence,  if  we  allow  that  the  Light  of  the 
Sun  is  propagated  with  the  fame  Velocity,  before  it  'is  reflcftal, 
as  the  Light  of  the  Ftx'd  Stars.  And  I  imagine  ?this  will  fcarce 
be  queftioned,  if  it  can  "be  made  appear  that  the  Velocity , of  the 
Light  of  all  the  Fix'd  Stars  is  equal,  and  that  their  Light  moves 
or  is  propagated  through  equal  Spaces  in  equal  Times,  atallDiftances 
from  them  :  both  which  Points  (as  1  apprehend)  are  fuffidently 
proved  from  the  apparent  Alteration  of  tne  Declination  of  Stare 
of  different  Luflre  4  for  that  is  not  fenfibly  different  in  fuch  Stars 
,as  feem  near  together,  though  they  appear  of  very  different  Mag- 
nitudes. And  whatever  their  Situations  are  (if  I  proceed  according 
to  the  foregoing  Hypothefis)  I  find  the  fame  Velocity  of  Light 
from  my  Obfervations  of  fmall  Stars  of  the  fifth  or  fixth,  as  from 
thofe  OT  the  fecond  and  third  Magnitude,  which  in  all  probabili- 
ty are  placed  at  very  different  Diflances  from  us.  The  fmall  Star» 
for  Example,  before  fpoken  of,  that  is  almoft  oppofite  to  y  Dra^ 
conis  (being  the  35  th  Cameloj>ard.  Hevelii  in  Mr.  Flamjleed's  Ca- 
talogue) was  i^'  more  Northerly  about  the  Beginning  of  March 
than  in  *Septeniber.  Whence  I  conclude,  according  to  my  Hypo- 
thefis, that  the  Diameter  of  the  little  Circle  defcribed  by  a  Star  in 
the  Pole  of  the  Ecliptick  would  be  40",  2. 

Th^laflStar  of  the  e reat Bear*s-tail of  the  2d  Magnitude  (mark- 
cd  u  by  Bayer)  was  30' more  Southerly  about  the  Middle  of  J^/rj^- 
ary  than  in  July.  Hence  the  Maximum^  or  greateft  Alteration  of 
Declination  of  a  Star  in  the  Pole  of  the  Ecliptick  would  be  4o'',4, 
exaftly  the  fame  .as  was  before  found  from  the  Obfervations  of  y 
Draconts. 

The  Star  of  the  5^^  Magnitude  in  the  Head  of  Perfeus  mark- 
ed T  by  Bayer ^  was  25"  more  Northerly  about  the  End  of  De- 
cember than  on  the  29th  of  July  following.  Hence  the  Maximum 
would  -be  41"'.    This  Star  is  not  bright  enough  to  be  fecn   as  it 

pafles 
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paflcs  over  my  Zenith  about  the  End  of  June^  when  it  fliould  be 
according  to  the  Hypothefis  fartheft  South.  But  becaufe  I  c^xv 
more  certainly  depend  upon  the  greateft  Alteration  of  Dech'nation 
of  thofe  Stars,  which  I  have  frequently  obferved  about  the  Times, 
when  they  become  ftationary,  with  refpedt  to  the  Motion  I  am 
now  confidering ;  I  will  let  down  a  few  more  Inftances  of  fuch, 
from  which  you  may  be  able  to  judge  how  near  it  may  be  poffiblc 
from  thefe  Obfervations,  to  determine  with  what  Velocity  Light 
is  propagated. 

a  Perfei  Bayero  was  23"  more  Northerly  at  the  b^innmg  of 
January  than  in  July.     Hence  the  Maximum  would  be  40^',  2. 

a  CaJ/jopea  was  34"  more  Noriiierly  about  the  End  of  December 
than  in  June.    Hence  the  Maximum  would  be  40",  8. 

0  Dracoms  was  39"  more  Northerly  in  the  htginning  of  September 
Aan  in  March  ;  hence  the  Maximum  would  be  40^;  2. 

Capella  was  about  16"  more  Southerly  in  Augufl  than  in  February  ; 
hence  the  Maximum  would  be  about  40".  But  this  Star  being  farther 
from  my  Zenith  than  thofe  I  have  before  made  ufe  of,  I  cannot  fo  well 
depend  upon  my  Obfervations  of  it,  as  of  the  others-,  becaufe  I 
meet  with  fome  fmall  Alterations  of  its  Declination  that  do  not  feem 
to  proceed  from  the  Caufe  I  am  now  confidering. 

1  have  compared  the  Observations  of  feveral  other  Stars,  and 
they  all  confpire  to  prove  that  the  Maximum  is  about  40""  or  41^'. 
I  will  therefore  fuppofe  that  it  is  40"  ^  or  (which  amounts  to  tfie 
feme)  that  Light  moves,  or  is  propagated  as  far  as  from  the  Sun 
to  us  in  8' 13".  The  near  Agreement  which  I  met  with  among  my 
Obfervations  induces  me  to  think,  that  the  Maximum  (as  I  have 
here  fixed  it)  cannot  differ  fo  much  as  a  Second  from  the  Truth, 
and  therefore  it  is  probable  that  the  Time  which  Light  fpends   in 

-  pafling  from  the  Sun  to  us,  may  be  determined  by  thefe  Obferva- 
tions within  5"  or  10" ;  which  is  fuch  a  Degree  of  exa6lnefs  as  we 
can  never  hope  to  attain  from  the  Eclipfes  of  Jupiterh  SateU 
jites. 

Having  thus  found  the  Maximum^  or  what  the  greateft  Altera- 
tion of  Declination  would  be  in  a  Star  placed  in  the  Pole  of  the 
Ecliptick,  I  will  now  deduce  from  it  (according  to  the  foregoing 
Hypothefis)  the  Alteration  of  Declination  in  one  or  two  Stars,  at 
lijch  times  as  they  were  aftually  obferved,  in  order  to  fee  how  the 
Hypothefis  will  corrcfpond  with  the  Phenomena  through  all  the 
Parts  of  the  Year. 

It  would  be  too  tedious  to  fet  down  the  whole  Series  of  my 
Obfervations  ;  I  will  therefore  make  Choice  only  of  fuch  as  are 
mod  proper  for  my  prefent  Purpofe,.  and  wiU  begin  with  thofe  of 
7  Dracoms. 

This  Star  appeared  fartheft  North  2Lhout  September  y^\  1727,  a*? 
it  ought   to  have  done  according   to  my  Bypothcfjs.    The  fol- 
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'  lowiTig  Table  (hews  h6w  much  more  Sootherly  the  Star  was  found 
to  be  by  Obfervation  in  feveral  Parts  of  the  Year,  and  likewife 
how   much  more  Southerly  it  ought  to  be  according  to  the  Hy« 

pothcfi3. 
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Hence  it  appears,  that  the  Hypothefis  corrcfbonds  with  the  Ob- 
fervations  of  this  Star  through  all  Parts  of  the  rear  ;  for  the  fmall 
Differences  between  them  fcem  to  arife  from  the  Uncertainty  of 
the  Obfervations,  which  is  occafioned  (as  1  imagine)  chieflv  by  the 
tremulous  or  undulating  Motion  of  the  Air,  and  of  the  Vapours 
in  if,  which  caufes  the  Stars  fometimes  to  dance  to  and  fro,  fo 
much  that  it  is  difficult  to  judge  when  they  are  exadUy  on  the 
Middle  of  the  Wire  that  is  fixed  in  the  common  Focus  of  the 
GlaflTes  of  the  Telefcope. 

I  muft  confefs  to  you,  that  the  Agreement  of  the  Obfervations 
with  each  other,  as  well  as  with  the  Hypothefis,  is  much  greater 
than  I  expected  to  iind,  before  I  had  compared  them  j  and  it  may 
poffibly  be  thought  to  be  too  great,  by  thofe  who  have  been  uled 
to  Aftronomical  Obfervations,  and  know  how  difficult  it  is  to  make 
fuch  as  are  in  all  refpeds  exadt.  But  if  it  would  be  any  Satis- 
fadion  to  fuch  Perfons  (till  I  have  an  Opportunity  of  defcribing  my 
Inftrument  and  the  manner  of  ufing  it)  1  could  afTure  them,  that  in 
:above  70  Obfervations  which  I  made  of  this  Star  in  a  Year,  there 
is  but  one  (and  that  is  noted  as  very  dubious  on  account  of  Clouds) 
which  differs  from  the  foregoing  Hypothefis  more  than  2",  and 
this  does  not  differ  3". 

This  therefore  being  the  Faft,  I  cannot  but  think  it  very  pro- 
bable, that  the  Pbanomena  proceed  from  thfe  Cauie  I  have  aflign- 
cd,  lince  the  foregoing  Obfervations  make  it  fufficientjy  evident, 
that  the  Effeft  of  the  real  Caufe,  whvitever  it  is,  varies  in  this  Star, 
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olferved  In  the  Fitted  Stars. 

in  the  (ame  Proportion   chat  it  ought  according   to  the  Hypo« 
thefis. 

But  left  y  DraconU  may  be  thought  not  fo  proper  to  flicw  the 
Proportion,  in  which  the  apparent  Alteration  of  Declination  is  in- 
cresued  or  diminiflbed,  a$  thofe  Stars  which  lie  near  the  Equinoc- 
tial Colure :  I  will  give  you  alfo  the  Comparifon  between  the  Hy- 
pothefis  and  the  Obfcrvaaons  of  q  Urfes  Majorts^  which  was  fer- 
ihcft  South  about  the  17th  Day  of  January  1728,  agreeable  to  the 
Hypothefis,  The  followii^  Table  Ihews  how  much  more  Nor- 
therly it  was  found  by  Obfervation  m  feveral  Parts  of.  the  Year, 
and  alfo  what  the  Difference  fhould  have  been  according  to  the 
Hypochcfis. 
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I  find  upon  Eicamination,  that  the  Hypothefis  agrees  altc^ether 
as  exaftly  with  the  Obfervations  of  this  Star,  as  fie  former  5  for 
in  about  50  that  were  made  of  it  in  a  Year,  I  do  not  meet  with 
a  Difierence  of  fo  much  as  2'^  except  in  one,  which  is  mark'd  as 
doubtfid  on  Account  of  the  Undulation  of  the  Air^  iSc.  And  this 
docs  not  differ  3"  from  the  Hypothefis. 

The  Agreement  between  the  Hypothefis  and  the  Obfervations  of 
this  Star  is  the  more  to  be  regarded,  fince  it  proves  that  the  Altera* 
tion  of  Declination,  on  account  of  the  Preceffion  of  the  Equinox, 
is  (as  1  before  fuppofedj  regular  thro*  all  Parts  of  the  Year  ;  fo  fer 
at  leaft,  as  not  to  occafion  a  Difference  great  enough  to  be  dif- 
covered  with  this  Inftrument.  It  likewife  proves  the  other  part 
of  ray  former  Suppofition,  viz.  that  the  annual  Alteration  of  De- 
cimation in  Stars  near  the  Equinoftial  Colure,  is  at  this  Time 
greater  than  a  PreceflSon  of  50"  would  occafion  :  for  this  Star  was 
20"  more  Southerly  in  September  1728,  than  in  September  1727,  that 
is,  about  2"  more  than  it  would  have  been,  if  the  Prcceflion  was^ 
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but  50".  But  I  may  hereafter,  perhaps,  be  betfef  able  to'  deter- 
mine this  Point,  from  my  Obferv^tions  of  thpfe  Stars  that  lie  hesrr 
the.Equino6iial  Cplure,  at  about  the  (ivht  Diftance  froiVi  the  North. 
Pole  of  the  Equator,  and  rtearty  oppoffie  inf  right  Afci'Afion. 

I  think  it  needlefs  to  give  you  the  CoiTipafifoii  bet^k^eeh  thd 
Hypothefis  and  the  Obftrvations'  of  iny  nioVd  Stars  -,  fihce  the  A- 
greement  in  the  foregoing'  is  a  kki'd  of  Demdriftrition  (whether  it 
be  allowed  that  I  have  diicovered  the  real  C^ufe  of  the  PbtBnomena' 
or  not;)  that  the  Hypothefis  gives  at  leaft  the  true  Law  of  the 
Variation  of  Declination  in  different  Stars;  witn  Refpeft  to  their 
different  Situations  and  Afpefls  with  the  Sun.  And  if  this  is  the 
Cafe,  it  muft  be  granted,  that  the  Parallax  of  die  Fix*d  Stars  is 
much  fmaller,  than  hath  bqen  hitherto  fuppofed  by  thofe,  who- 
have  pretendecJ  to  deduce  it  from  their  Obfcrvations.  I  believe,, 
that  I  may  venture  to  fay,  that  in  either  of  the  two  Stars  lafl: 
mentioned,,  it  Idoes  not  amount  to  a".  I  am  of  Opinion,  that  if  in 
were  i",  I  Ihjbuld  have  perceived  it,  in  t^e  great  number  of  Ob- 
fcrvations that  I  made,,  efpecially  of  7  Drdconis ;  which  agreeing 
with  the  Hypothefis  (without  allowing  any  thing  for  Parallax) 
nearly  as  weli-when  the  Sun  was  in  Conjundtiop  with,  as  in  Op- 
pofition  to,  this  Star,  it  feems  very  probable  that  the  Parallax  of 
It  is  not  fo  great  as  one  fingle  Second  -,  and-confequenily  that  it  is 
above  400000  times  farther  from  us  than  the  Sun. 

P.  S.      As  to    the   Obfervitions    of   Dr.    Bojok^    1   mufl:  own- 
that  be/ore  Mr.  Molyneux^s  Inftrument  was  ereded,  I  had  no  fmall 
Opinion  of  their  Correftnefs  5  the  Length  of  his  Tclefcope  and  the- 
Care  hje  pretends  to  have  taken  in  making   them  exad,    having 
been  -ftrong  Inducements  with  me  to  think  them  fo.     And  fince  I 
have  been  convinced  both  from  Mr.  Molyneux's  Obfcrvations  and. 
my  own,  that  the  Dpdror's  are  really  very  far  from  being  either 
exaft  or  agreeable  to  the  Ph<Bnomena^\  I  am  greatly  at  a  Lofs  how 
to  accpunt  for  it.     I  cannot  well  conceive  that  an  Inftrument  of 
the  Length  of  36  Feet,  conftrudVed  in  the  Manner  he  defcribes  his, 
could  have  been  liable  to  an  Error  of  near  30"  ("which  was  doubc- 
kfs  the  Cafe)  if  redtified  with  fo  much  Care  as  he  reprefcnts. 

The  Objfervations  of  Mr.  Flamjleed  of  the  difterent  pittances  of 
the  Pole  Star  from  thfe  Pole  at  different  Timi^s  of  the  Year,  which 
were  through  Miftake^boked  upon  by  fome  as  a  Proof  of  the 
annual  Parallax  of  it,  feem  to  have  been  made  with  much  greater 
Care  than  thofe  of  Dr.  Hook  For  tliough  they  do  not  all  exad:- 
ly  correspond  with  each  other,  yet  from  the  whole,  Mr.  Flamfteed 
concluded  that  the  iStar  was  35",  40",  or  45"  nearer  the  Pole  in  De^ 
cember  than  in  May^  or  July :  and  according  to  my  Hypothefis  it 
ought  to  appear  40"  nearer  .in  December  than  in  June.  The  A^ 
greeraent  therefore  of  the  Obfcrvations   with    die    Hypothefis  is 

greater 
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^reafpr  ^han  could  .rpafonat)ly  be  expefted,  cpnfidering  the  Radius 
*of.che  Inilrurnenr,  apd  the  Manner  in  which  it  was  conftrudted. 

IV.    In  the  Memoires  of  the  Rx>yal  Academy  of  Paris^  for  the  Year  Mr.  Caffinr^ 
17 17.  there  is  ohe  very  remarkable   Eflay,    by  Mr.  Cqffinij  con-'^J'^'^' 
cerning  the  Annual  Parallax  of  the  Fix'd  Stars^  and  particularly  of  ^^^^^^^'jl 
Sinus  \  and  in  Conclufion,  he  determines  the  Diameter  of  Sirius  to  sirmsconfiJer' 
be  as  much   bigger  than  that  of  the  Suny   as  the  Sun's  is  greater /i/^jZ>r.  Hal- 
than  that  of  the  Earthy  which  he  fuppofes  to  be  100  times :  And  ^7-  N^afi^. 
the  Diftance  from  the  Sun  to  the  Earth  being  certainly  about  loo^' '" 
Diameters  of  the  Sunj  it  will  follow,  that  the  Globe  of  Sirius  mutt 
be  a   Sphere,   whofe   Diameter  muft  equal  the  Diftance  between 
the  Earth  and  Sun. 

To  prove  this,  he  tells  us  that  he  made  ufe  of  an  excellent 
Tclefcope  of  34  French  Feet,  or  36  Englijby  leaving  an  Aperture 
t)f  but  an  Inch  and  half,  to  take  off  the  fpurious  Rays  of  the 
Star^  which  then  appeared  round,  and  fufEciently  well  defined ;  and 
comparing  his  body  to  that  of  Jupiter^  which  he  fays,  was  thea 
50  Seconds  (Diameter,  he  found  that  the .  Diameter  of  ^//^^  was 
ten  times  greater  than  that  6f  the  Star,  which  by  confequence  was 
feen  under  an  Angle  of  about  5  Seconds  s  which  is  his  firft  Po« 
iidon. 

Then  he  tells  us,  that  to  make  the  Obfcrvations  of  the  Parallax 
of  this  Star  with  all  the  exadfaiefs  poOible,  he  employe^  a  Teles- 
cope of  three  Footy  in  a  Copper  Tube,  having  fixed  in  the  com* 
mon  Focus  of  the  two  Glafles,  four  Threads  croffing  one  another  in 
the  Center,  under  Angles  of  45  Degrees,  This  Tube  he  firmly 
fix'd  to  the  Plain  of  a  Murd  Archj  which  had  been  for  above  30 
Years  immoveably  ceipented  to  the  Wall  of  the  Royal  Obfefvatiry^ 
fo  that  there  was  no  fear  of  its  fettling  any  further  in  the  Space 
^f  one  Year ;  befides,  that  it  was  cafy  to  perceive  if  any  fuch  Al- 
teration ihould  happen  to  it. 

Having  therefore  fixM  his  three  Foot  Tube,  as  above,  fo  that, 
about  the  Beginning  of  ^P''^*^*  1714.  New  Stile^  die  Star  being  exa<5l- 
iy  in  the  Meridian y  paft  over  the  Cfenter  of  the  Tube,  he  ob- 
fcrved  that  on  the  20th  of  April  the  Star  touched  the  Horizontal 
Thread  with  its  under  Edge,  being  apparently  all  above  it,  in  the 
inverting  Tube,  but  really  below*.  On  the  i^th  of  Afay^  and  6th 
.  of  June  J  it  paft  again  by  the  Center.  On  June  the  iftti  it  appear- 
ed a  little  under,  and  on  July  tht  9th  it  was  found  to  t6ucn  the 
under  Part  of  the  Thread.  On  O^ober  the  5th  it  again  paft  by 
the  -CeAter  ;  but  on  Beeember  the  29eh,  ittodched  the  upper  Part 
of. the- Thread*  January  the  i8th,  1715.  being  the  c»ldeft  Day  of 
that  iWintcr,  it  paft  exaiftly  by  the  Center  ;  and  on  the  i  7th  of 
March,  and  the  ift  of  Aprily  it  almoft  teuched  the  upper  Side  ol 
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the  Horizontal  Thread,  from  which  it  fccmM    a   little  fcparatcd.  ^ 

But  on  June  the  7th,   it  paft  a  little  under  the  Center  5  and  on  '^ 

June  the  29th,  the  Sun  being  then  in  conjunftion  with  Siriusy    ic  j 

paft  under  the'  Thread,    fo    as  to  touch  it  with  its  upper  Edge. 
Whence  it  appears,  that  in  the  Space  of  the  whole  Year,  there  had  \ 

been  no  other  variation  of  the  Meridian  Altitude  of  Sirius^  than  the  " 

Breadth  of  the  Thread,   which  appeared  equal  to  the  Diameter  of  •' 

Che  Star,  which  he  cakes  to  be  five,  or  at  moft  fix  Seconds.  *) 

Suppofing  this  to  be  fo,  he  then  fhews  that  the  whole  Diameter 
of  the  annual  Orb  b  to  the  Diftance  of  Sirius^   as  the  Sine  of  6''  -^ 

10  Ac  Sine  of  39^  33'  the  Latitude  of  the  Star,  whence  the  aforefaid  - 

immcnfc  Magnitude  of  the  Body  thereof,    is   a  ncccfTary  Confc-  : 

quence,  ' 

But  before  this  obtain  a  full  Aflfcnt,  it  may  not  perhaps  be 
^mifs  to  enquire  whether  the  fuppos*d  vifible  Diameter  of  Sirius^  '^ 

^ere  not  an  Optick  Fallacy,  occafioned  by  the  great  ContraAion 
of  the  Aperture  of  the  OhjeS  Gla/s :  For  we  all  know  that  the  Di- 
ameters ofAldebaran  and  Spica  Firginis^  are  fo  fmall,  that  when  thev 
happen  to  immerge  on  the  dark  l^imbof  the  Moon^    they  are  fo  ^ 

far  fiom  lofing  their  Light  gradually,   as  they  mufl  do  were  they 
of  any  fenfible  Magnitude,    Uiat  they  vani(h  at  once  with  their  ut* 
moft  Luftre  i  and  emerge  likewife  in  a  Moment,  not  fmall  at  firft, 
but  at  once  appear  witn  their  full  Light,  even  though  the  Emer- 
fion  happen  very  near  the  Cu/p  \  where,  if  they  were  four  Seconds 
in  Diameter,  they  would  be  many  Seconds  of  Time  in  getting  en- 
tirely feparated  from  ttie  Limb.    But  the  contrary  appears  to  all  : 
thofe,    that  have  obferved  the  Occul  cations  of  thefe  bright  Stars. 
And  though  Sirius  be  bi^er  than  either  of  them,  yet  he  is  by  far              : 
lefs  than  two  of  them  ;   and  confequendy  his  Diameter  to  theirs  is              t 
lefs  than  the  Square  Root  of  2  to  *i,  or  than  14  to  10  ;  whence, 
in  Mr.  Caffini^s  excellent  36  Foot  Glafs,  thofe  Stars  ought  to  be  a-             ^ 
bout  four  Seconds  in  Diameter ;  and  they  would  urdoubtediy  ap-             i 
pear  fo,  if  view'd  after  the  fame  manner  ;    whereas  we  are  aliunde             5 
certain,  that  they  are  lefs  than  one  finele  Second  in  Diameter.    The             1 
great  ftrength  of  their  native  Light,  forming  the  refemblance  of  a 
Body,  when  it  is  nothing  elfe  but  the  fpiflitudeof  their  Rays.                         r 

As  to  the  other  Part  of  the  Argument,  that  the  Alteration  of 
the  Declination  of  WW«J,  on  the  Score  of  the  Accefsof  the  Earth 
in  December  J  and  its  Recefs  m  June^  amounts  to  6  Seconds  ;  I  can 
only  remark,    chat,    befides  that  a  Radius  of  3  Feet,  as  it  feems  : 

that  ma^  ufe  of  was  no  more,  is  fomewhat  too  fmall  for  fo  ex-  *^ 

tremcly  nice  an  Obfervation,  6"  being  fubtended  by  the  t^Vv  Part  l 

of  an  Inch,   fome  of  the  Obfervations  before  recited  do  plainly  ^ 

Ihew,  that  the  Refraffion  of  the  Medium  did  intermix  with  thofe  f 

Differences  chat  might  be  occafioned  by  the  Parailax.  t. 
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But  the  principal  Objeftion  againft  the  Conclufion  of  this  Argu- 
ment, feems  to  be,  that  the  Meridian  altitude  of  Sirius  at  Paris 
being  under  25  Degrees,  the  ordinary  Refraftion  of  the  Star  is 
1*55*'  or  115  Seconds  ;  and  the  Barometer  rifing  and  falling  above 
two  Inches  in  Thirty,  fhews  that  the  Denfity  of  the  Air^  on  that 
fcores  may  be  a  15th  Part  more  at  onetime  than  another.  Whence 
the  Refraftions  being  always  proportional  to  the  Denftty  of  the  Me- 
dium^  as  Wtf  have  all  teen  it  "often  demonft  rated  by  Mr.  Harivkjbee^  both 
in  Vacuo^  and  in  a  doubly  and  trebly  condenfed  Air^  it  is  plain  that  in 
that  Altitude  the  Refraftion  of  a  Star  may  differ  about  7  or  8 
Seconds,  or  the  15th  Part  of  115",  which  is  more  than  the  whole 
Parallax  fuppofed  to  have  been  obferved. 

It  were  to  be  wilh'd  that  Mr.  Cajfini  would  pleafe  to  try  this 
Matter  by  the  Lucida  Lyrcs^  inftead  of  Sirius^  which,  though  fome- 
what  kfs  than  him,  is  as  near  to  the  Soljlitial  Colure,  and  has  much 
greater  Latitude,  being  but  28  grad.  from  the  Pole  of  the  Eclif- 
tick^  whence  its  Parallax  would  be  fo  much  greater,  and  being  at 
Paris  within  lo  grad.  of  the  Zenith^  the  grand  Objedlion  of  the 
difference  of  Refradtion,  ^ould  be  almoft  wholly  removed. 

V.  We  are  greatly  obliged  to   the  late   Signior  Cajfini  for  his  Rmarks  upon 
Thought  of  applying  Threads  at  half  Right  Angles  in  the  com-  Obfervations, 
mon  Focus  of  a  Telefcopc,  to  determine  thereby  the  Differences  oi^^^^J^'^^f^^ 
Right  Afcenfion  and  Declination  of  any  two  Stars,  whofe  fituation  3*  ^/nj^u'^y. 
is  fujh,  that  by  their  dijrnal  Motion  they  (ollow  each  other  thro*N*366./.ii3* 
the  Aperture  of  the  Telefcope,  fo  fixt  as  that  the  firft  of  them  may 
pafs  over  the  Centre  of  the  Glafs,  and  move  exaftly  along  one  of 
the  Threads,  whilft  the  interval  of  Time  between  the  Tranfit  there- 
of, and  that  of  the  following  Star,  is  exaftly  meafured  by  a  Pendu- 
lum Clock  well  adjufted  to  the  mean  Motion  of  the  Sun,  or  elfe 
ro  the  Revolution  of  the  fix*d    Stars,    whereby  the  Difference  of 
Right  Afcenfion  is  given  ;  as  is  the  Difference  of  Declination,  by  the 
time  the  following  Star  takes  to  pafs  from  one  diagonal  Thread 
to  the  other. 

This  manner  of  obfer/ing  being  long  fince  publilhed,  will 
not  need  any  further  Explication  ;  but  it  may  not  be  amils 
to  fay  fomething  of  the  Sufficiency  thereof,  and  of  the  Exa£I- 
nefs  of  which  an  Inftrument  of  fo  little  Charge  and  Apparatus  is 
capable ;  efpecially  being  at  this  time  obliged  to  make  ufe  of  it 
and  the  Micrometer  only,  for  my  Obfervations. 

I  need  not  mention  with  what  exaftncfs  Dr.  Pounds  and  his  Nephew ,  . 
Mr.  Bradley  did,  myfelf  being  prefent,  b  the  iaft  Oppofition  of  the 
Sun  and  Mars^  this  way  denfonftrate  the  extream  Minutenefs  of 
the  Sun*s  Parallax,  and  that  it  was  not  more  than  12",  nor  Icfs 
than  9*',  upon  many  repeated  Trials,  it  having  been  foon  after  the 
^me  laid  before  th^.  Society.     But  being  mindful  that  in  OSloher 

next. 
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next,  Mars  would  be  again  in  Opppfuion  to  :the  Sun,  about  the  i 

tenth  Degree  of  Itaurusj    but  would  not  come  very  near  any  fixt  'i 

Star  that  has  a  Place  in  Mr,  Flamfteed*s  Catalogue  -,   I  was  folici-  i 

tous  to  fee  if  there  were  ^ny  Telefcopick  Stars  to  which  he  would  i 

very  nearly  approach;  and  ori  the  28th  of  February  htt^  the.Hea-  i 

vens  being  very  ferene  and  clear  in  the  Evening,  and  Fefius  having  i 

nearly  the  Declination  in  which  Mars  will  piove  in  OSober  next,  1 

I  fixt  my  Telefcope  on  her,  at  y\  28'  equal  lime,    and  noted  the 
Moment  ftie  pafs'd  over  the  Center  of  .my  Glafs,  or  rather  the  com- 
mon   interfeftion  of  the  four  crofs   Hairs;  and  in  half  an  Hour's  ' 
lime  I  noted  eight  vtry  confpicuous  Scars,    four  of  which  beiqg. 
within  the  compafs  of  one  Degree,  fell  very  nearly  in  the  faid  way  j 
of  Mars^    and  from  the  Intervals  of  Time,  I  then.ot>fer.ved,  with 
their  difference  of  Declination  from  Venus^  I  determined  their  Right 
Afcenfioms  and  Declinations,  as  well  as  her  Place,  from  my  Tables, 
fwhich  by  Obfervation  1  found  at  this  time  needed  no  corredion) 
would  allow  me ;  they  all  falling  between  the  ninth  and  tenth  De- 
gree of  Taurus  J  with  very  little  Latitude.    But  what  confirmed  xnc 
that  all  was  right,  was,  that  on  Tue/day  h&j  March  21,  Mercury 
appearing  very  fair,  and  newly  paft  his  greateft  Elongation,  I  found 
by  Senex's  Zodjack  that  he  jsvas  nearly  in  the  fame  Parallel  that 
Vems  had  before  defcribed  5  and  though  the  Brjghtnefs  of  the  Cre^ 
pufculum  effaced  the  (mailer  Stars,  yet  in  a  quarter  of  an  Hpur:! 
had  one  paft   10' 5  more  Southerly  than  .the  Planet,  which  in  Ids 
than   3'  of   Time  \7as   fucce^d   by   anpther,    which  was,  but  one 
Minute  more  Northerly  than  the  former;   when  after. an  interval 
of  about  14  Minutes,  of  time,    in  which   I  was  furprifed  to    find 
the  Sky  fo  void  of  Stars,   the  four  before  mentioned  Stars  paft 
fucceflively  over  my  Glafs,  with  the  fame  interval  of  Time  in  which 
I  had  feen  them  follow  one  another,. on  the  aSthof  February ;  where- 
upon I  was  defirous  to  try,    whether,    if  the  Place  of  Mercury  in 
my  Tables  were  «ffumed,  the  fame  Right  Afcenfipns  iand  Decli- 
nations of  thofe  Stars  would  be  deduced  from  him,  as  from  Venus  i 
and  to  my  great  Satisfadlion,    I  found  on  trial  by  an  exa6):  Co/- 
4:ulus^    that   I  had  the  fame   Right  Afcenfions  now  as  befpre,    in 
none  of  the  four  differing  fully  half  a  Minute,    fo  that  thefe  Stars 
may  fecurely  be  added  to  the  Ca,talogue, ,  and  the  Appulfe  of  Mars 
to  them  be  obferved  in.  very  long  Telefcppes,  in  OSoher  next,  to 
a  further  afcertaining  the  immcnfe  Diftance  between  the  Sun  aad 
Earth, 

Hence  it  will  alfo  appear  tlxat  9ur  Mercurial  Numbers  arc,  at 
leaft  at  this  time,  and  in.  this  Part  of  his  Orb,  not  lefs  exad  than 
thofe  of  Fenus.  And  whereas  thit  Planet;  fcarce  ever  appears  with 
us  out  of  the  Sun's  Beams,  and  always  low,  and  therefore  under 
great  Refradion  ;  this  way  of  obferving  takes  off  all  die  ^uncertain- 
ty that  accrues  therefrom  5  and  when  Qnce  the  Zodmk  Ihall  .be 

com- 
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ccrmpleafed  with  the  Stars  that  are  wanting  to  fill  up  the  vacant 
Places,  it  will  be  eafy  at  any  time,  by  this  method,  to  obfcrve 
Mercur-j  or  a  Comet  within  the  Sun's  Beams,  with  the  fame  Cer- 
tainty, as  if  it  were  remote,  and  out  of  the  Neighbourhood  of  the 
HotizoTi,  where*  the  difFefent  Vapours  that  lie  near  the  Earth,  ren- 
der the  Appearances  of  the  Stars  fomewlut  dubious  upon  the  Ac- 
count of  the  irregular  Refractions. 
March  23.   1721. 

VI.  Were  the  MediurA  af  duf  j4ir  much  more  in  Quantity,  or  th^Ri-ff^-n-hcnth 
Force  of  Gravity  much  greater  than  it  is,  or  in  a  Word,  were  the  Aftronomkal 
Refraai^re  Power  of  the  Ait  much  more  fenfible  than  we  find  it.fJZTeforthe 
nothing  could  have  been  a  greater  Impediment  to  Difcoveries  \n  jtefraaion  of 
Afffottotny  :  Fof  all  Objects  appearing  by  Refradion  higlier  than /-^^  ^/>.  ^//^ 
really  they  are,  till  fuch  times  as  the  Laws  and  Quantity  of  that ''^ ''^^'"''''^ 
Refraftion  had  been  afcertaincd,  it  would  have  been  impoffible  to^!'^^/^  ^^<> 
have  been  fecure  of  the  true  obferved  Place  of  any  Cceleftial  Ob-  363*/^.  I69. 
jeft.     But  as  it  falls  out  to  be  fo  litde,  that  none  but  nice  Inftru- 
men ts  can  perceive  its  EfFefts,  it  was  not  difcovered  to  be  at  all, 
till  Bernard  PFallber*s  time,  about  the  Year  1500  j  nor  brought  to 
any  fort  of  Rule  till  Tycbo  Brahe ;  nor  afcertained,  till  our  worthy 
Prfjident  made  the  firft  accurate  Table  thereof:  The  C^r^y^?  which 
a  Beam  of  Light  defcribes,  as  it  approaches  the  Earthy  being  one 
of  the  moft  perplex'd  and  intric^ite  that  can  well  be  proposed,  as  Dr. 
Brook  Taylor  in  the    laft  Pfopofition  of  his  Metkodus  Incremenhrum 
has  made  it  evident. 

By  this  Table  it  follows  that  the  ratio  of  the  Sine  of  the  Angle 
of  Incidence  to  that  of  the  Refrafled  Angle,  encrcafing  as  the  Beam 
approaches,  makes  a  very  notable  difference  in  the  Place  of  an  Ob- 
ject near  the  Horizon:  but  in  Objccl;  tliat  are  much  elevated,  the 
Refraftions  become  frfi'an,  and  their  Differences  fcarce  exceed  a  Se- 
cond per  Hc^ftt  5  fo  that  they  arc  fufficiently  die  fame,  as  if  tlie 
Incident  and  Refrafted  Angles  were  on  the  Surface  of  a  Sphere  of 
Air  of  the  fame  uniform  Denfity  clofc  adjoining  to  the  Eye. 

When  therefore  the  Stars  are  twenty  degrees  or  upwards  eleva- 
ted above  the  Horizon,  we  may  take  it  for  granted,  without 
fenfible  Error,  that  the  Sines  of  the  true  and  apparent  Diftances 
from  the  Vertex^  are  in  the  fame  conftant  ratio.  Hence  it  will  ap- 
pear that  the  Diftances  of  all  the  Stars  are  feen  lefs  than  they 
really  are,  in  whatever  pofition  they  are  taken,  and  that  not  lefe 
than  a  Second  per  Degree  of  the  diftance  j  that  is,  a  Diftance  of 
30  Degrees,  for  Example,  is  contradled  at  leaft  fa  many  Seconds^ 
and  one  of  60  gr.  no  lefs  than  a  Minute ,  if  the  Diftances 
be  taken  by  an  Inftrument  that  is  truly  divided.  So  that 
when  Mr.  Hevelius,  to  fhew  the  exadtnels  of  his  Obfervations,  brings, 
eight  Diftances,  as  taken  by  hi^  S^ext ant y  which  cxaftly  compkatthe 

Circle,. 
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Circle,  both  in  Longitude  and  Right  Afccnfion ;  the  Confequence 
is  really  quite  oppofite  to  his  Defign :  for  if  thofe  diftances  were 
the  true  ones,  they  being  all  contrafted  by  appearing  through  a 
rcfrafting  Medium^  the  Sum  of  the  eight  Differences  of  both  Lon- 
gitude and  Right  Afcenfion,  ought  to  fall  fliort  of  a  whole  Cir- 
cle or  360  Degrees  by  at  leaft  fix  Minutes;  fo  that  I  am  inclined 
to  believe  that  the  fixty  Degrees  of  Mn  Hevelius"^  Sextant  wanted 
about  a  Minute  of  its  true  quantity. 

Such  an  allowance  as  this  may  perhaps  be  a  proper  Expedient 
to  avoid  accounting  for  Refraftion  in  coeleftial  Obfcrvations,  pro- 
vided the  Objedts  be  nearly  parallel  to  the  Horizon,  or  at  a  good 
height  above  it.  For  all  diftances  of  Stars  are  contracted  by  Re- 
fraftion,  when  they  are  parallel  to  the  Horizon,  by  the  fame 
conftant  quantity,  be  they  high  or  low,  that  is,  by  about  one 
Second  per  Degree  i  the  Chords  of  the  Arches  of  the  real  and  vi- 
fible  diftances  being  always  in  the  fame  ratio  as  is  the  Sine  of  the 
Angle  of  Incidence  to  that  of  the  refrafted  Angle. 

And  this  is  the  cafe  wherein  the  RefraSlion  oi  the  Jir  does  leaft 
affeft  the  Diftances  of  the  Stars^  which  Diftances  are  ftill  more  and 
more  contrafted,  as  they  are  nearer  to  a  perpendicular  Situation : 
So  that  a  Diftance,  for  Example,  of  thirty  Degrees  lofes  but  half 
a  Minute  in  a  horizontal  Site;  but  if  the  one  Star  be  20  Degrees 
high,  and  the  other  fifty,  it  will  be  leflcned  by  above  three  times 
as  much,  or  by  i  Minute  41  Seconds.    If  the  one  be  30  and  the 
other  60  Degrees  high,   the  fame  Diftance  will  appear   lefi   than 
30  Degrees  by  about  one  Minute  ;    the  Difference  ftill  decreafine 
as  the  Objefts  are  more  elevated  above  the  Horizon.     But  in  afi 
cafes  to  account  for  the  effecft  of  the  RefraSlion  upon  the  Diftances 
of  the  Stars,  requires,  befides  fome  Trigonometrical  Work,  the  help 
of  the  aforementioned  Table,    which  I  here  fubjoin  for  the  ufe  of 
the  Curious,   fuch  as  I  long  fince  received  it  from  its  Great  Au- 
thor ;  it  having  never  yet,  that  I  know  of,  been  made  publick. 
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Tabula   RefraSlionum   Siderum  ad  Altitudines 

apparentes. 
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Oh  the  Vlnet      VII,  No  Goelctlial  Obfervations  arc  fo  capable  of  perfect  Ex- 
of  the  Planets  aftnefs,   as  the  near  Appiilfes  of  the  Moon  and    Planets  to    the 
iTeil^Al^prMs  ^^^^  ^^^^  ^    ^^^  though  the  Places  of  the  Stars  have  not  as  yet 
toTbe  Fix'd    attained  an  ultimate  Precifion,  yet  thcfe  Sorts  of  Obfervations  are 
Sfirrs,  by  Dr.  ever  good,  and  the  Places  of  the  Planets  are  herefcy  afcertain'd,  in 
Haiicy,    N^  Proportion  to  the  Corrednefs  of  the  Catalogues  that  may  hereafter  be 
369.  p,  209.   j^j^jg .    gy^  ^Yiz  ordinary  Number  of  the  Stars,  with  which  tlie  Planets 
may  be  thus  compared,  being  fmall,  the  Opportdnities  of  obferv- 
ing  ar?  confcquently  rare  :    Whence   ajppears  the  great  Ufe  of  a 
full  Catalogue  of   Tclefcopical  Stars,    within   the   Limiti  of  the 
Zodiack  ;  viz.  that  thereby  thefe  Opportunities  may  be  inore  fre- 
quent :     And  wherever  fuch  Obfervations  have  formerly  been  made 
to  thefe  fmall  Stars,  we,  may  be  enabled  to  find  them  out,    and 
by  determining    their  Places,    to  be  certain  of  the  Places  of  the 
Planets  alfo  :  Of  which  I  havegiven  a  notable  Inftance  *  in  finding  the 
Place  oflthe  great  Comet  of  1680,  in  Its  firft  Appearance,    even 
before  it   had  a  Tail  visible  to  the  naked  'Eye. 

Sincp  'tht  Royal  Obfervatory  at  Gretnwitb  has  b^en  put  under  my 
Care,  1  have  endeavoured  to  jJut  'myfelf  into  a  Condition  to  fup- 

/1th  in  the  prefent 

d   fettled    the 

^  ft'/z/^rr  was  ob- 

ferved,  to    dj)ply    by   G>3/i/<f^  af  the  Bfegtnhin      of   Martb    1610, 

New  S(flcy    and  winch  fe  jthe  vei^  ;flffl:  Obfcfvationof  ihat  kind 

that  v[as 'nifde  yrith  the  Tefefcbpe  j-. 

On; the  ^*8t|^  of  February y  pnfe  Hour  after  Sun-jfet,  a^  frhall  Fix^d 
Star  w^  in  C6njun^i6n ,  wuh  the  fourth  Satellite,  being  then 
Eaftwardsof  the 'Plartet.  THe  nCStt  Day,  Mart.  1^.  at 'the  fame 
Hour,j  ^beJjCenter  .pf  V  was  m  the  Atig)e  bf  an  equilateral  Tri- 
angle with  jhe  fourth^  Sitellite^and  the  Star  :  'Artd  again,  March 
2^.  JupitfT  being  retrograde^  hfad'paft  the'Conjunfltionof.  the  Star, 
and  a  I^ine  from. the  Star,  perpendicular  to  that  of  tbc  iSacellites, 
iA\  on  jhe.  ftrflj  Satellite  then  two  mii^utes  to'the  Weft  of  the 
Planet, _aijd  fn^ Latitude,  the  Star  [ was  rhore  So'utherly  than  the 
Satellite  eight.  Mmutcp.  This  Star,  by  the  Diredlibn  of  tTie  Place  of 
Jupiter  at  tliat^Time,  I  found  out,  and,  by,qon^paring  it  With  others 
in  the  Catalogue,  haring  nearly  the  fimcJD^cJination,  I  fettled  its- 
Place,  in  TL  i'i^  ,24' i  to^thcTime'of  the  Bri/i/^^Catalogtie,.  1690, 
with  (f  25'South  Latitude* 

♦  Philof.  'Tranfaa.    N^'342. 

f  Nancius  Sjdec^  peg,   37.  Edit,  prin.  161  a 

Another 


by  tleir  Appuljes  to  the  Fixed  Stars^  &c. 

Another  remarkable  Obfcrvation  of  Saturn  is  recorded  in  Ricci- 
pli^^  (aid  ito  have  been  made  at  Jlfodena  by  the  Morquis  Af^7i;^z- 
2»,  oh  July  3^  N.  S.  1662,  when  the  Eaftern  jinfa  of  Solum  touch- 
ed a  Fix'd  Star.  By  the  then  Place  of  Saturn^  I  look'd  out  for 
this  Star,  to  which  Saturn  is  at  this  time  vciy  near,  and  afcer the 
fame  Manner,  I  fettled  its  Place  i»^tt«/tf  Anno  1690,  in  29°,  '34'oF 
Scorpio^  with  2^  o' J  North  Latitude.  By  this  it  will  appear^ 
bow  dcfefiive  the  obfcrved  Place  of  Saturn  is  ftated  in  Riccioli, 
there  being  above  7  Minutes  erred  in  the  Latitude  thereof. 

Eclipfis  of  the  S  U  N. 
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Pbafes. 


iclipfin  jam  inceptam  vidi, 

Oiftantia  Cufpidum  7'  4%    unde   pars  deficicns  o'  47" 

ac  initiumverum   ih  28' 58" 
Diftantia  Cufpidum  lO'  50" 
Xepct.  i&  20" 

Inclinatio  Cufpidum  ad  dextras  44^  30* 
Partes  lucidae  refiduse  17'  20" 
Repct.  in  med.  Eclipfis  proxime  17'  9" 
Inclinatio  ad  finiftras  19^  o' 
EHftantia  Cufpidum  15'  21" 
Repec  10'  50" 
Finis  Eclipfeos  dubius,  ob  limbum  Soils  afperum  & 

undulantem  nee  fat  bene  defi'nitum. 
Certe  defierat  Eclipfis. 


^empora. 


I     29     i^ 
I     3^       ^ 


34  I? 

42  28 

43  26 
32  37 
40  i^ 

3     28  45 

3     31  4f 

3     37  Zi 

I    43  2i 


?     \%     4f 


Pbafes. 


The  Beginning  of  the  Eclipfe.  

The  Cufps  parallel  to  the  Horizon,  by  Eftimation. 
The  End  of  the  Eclipfe.  — \ : 


The  Duration.    

The  Quantity  eclipfcd. 


Apparent 
Times. 
P.M. 


2      14     4J 
5  Dig.  yii 


*  ASron.  Reform,  fag,  28$* 

Z  z 


VIII.  I.] 


Jn  Eclipfe  of 
the  Sun  Nov. 
27  1722.  P. 
M.  at  Green- 
wich, by  Dr. 
Hallcy.  N*^ 
374./.  197. 


^.] 


The  fame  in 
Ficet-ftrcct, 
London^  by 
Mr,  G.  Gra- 
ham.  N^374. 
/.  198. 


ijz  Eclipfes  of  the  Sun. 

I  had  very  correct  Obfervations  both  of  the  Sun  and  Stars, 
the  26th,  27th,  and  28th,  for  determining  the  cxadt  Time  by  my 
Clock. 

For  fome  Minutes  before  the  Eclipfc  began,  I  obfervM  the  Sun 
with  a  Telefcope  of  12  Foot,  fomiflied  with  a  Micrometer;  keep- 
ing that  Part  of  the  Limb  in  the  middle  of  the  Gkfs,  where  I 
expected  the  Moon  iirft  ^  to  touch,  and  in  lefs  than  four  Seconds 
of  Time,  from  the  Moment  I  judged  the  Eclipfc  begun,  it  wafl  io 
confiderably  advanced,  that  I  cannot  doubt  of  having  the  Begin- 
ning to  Jels  than  three  Seconds.  I  believe  the  cxaft  Time  of  end- 
ing was  within  the  fame  Limit,  notwithftanding  that  the  Undula- 
tion of  the  Limb  was  then  much  great^  than  at  the  Begin- 
ning. The  Parts  eclipfed,  ipeafured  with  the  Micrometer,  at  the 
Time  of  the  greateft  Objuration,  were  927  fuch  Parts  as  the 
Sun*s  Vertical  Diameter  contained  1946  i  which  was  taken  a  little 
before  the  B^innin^  of  the  Eclipfe. 

By  this  Obfervation,  the  Beginning  differed  not  2'i,  and  the 
End  not  \  a  Minute  from  Dr.  Hallef%  Calculus. 

N.  B.  ^hc  fame  Eclipfe  was  ohferv*d  by  Mr.  Hawkins  tf/  Wake- 
field in  Yorkfhire,  to  begin,  at  i^.  21  w.  P.  M.  and  to  end  3^.  goT 
3".  The  Sun*s  Diameter  was  obfcured  fomewbat  more  than  5 
Digits. 


30 


Jl  Cambridge 
M  N.  Engl. 
Mr.  T.Robie 
N*^  382./.  68 


b. 


7     27 


8 

9 
9 
9 
9 


55 
00 

'9 
25 


15 
16 

45 
45 
45 


9     25 


26 


Mom.  I  faw  the  Sun  rife  Eclipfed,  on  its  fupreme 
Vertex  to  the  South,  about  4  1^^,  tho*  fome  on 
the  Top  of  the  new  College  faw  it  2'  or  3'  before. 
The  Sun's  true  rifing  this  Morn.,  was  ^b.  30',  henct 
the  Refradion  i^  about  &  and  fo  I  have  often  ob- 
served it.  From  this  time,  rill  about  8  b.  30'  or 
+0''  I  faw  no  more  of  the  Sun,  but  then  I  judge  ir 
was  eclipfed  6  Dig.  or  more. 

The  Sun  was  ecfipfed  4  \  Dig.  neareft. 

4.  Dig.  \. 

A  little  Spot  in  the  Sun  emerged^ 

I  faw  the  Moon  go  off  the  Sun. 
*  Mr.  Danfortb  m  a  Room  juft  by  me  faw  the 
Shadow  go  off  Ae  Paper  about  30®  from  its 
lower  Vertex  to  the  Eaft. 
20  Mr.  Appleioit  faw  the  Shadow  go  off  the  Paper 
fix*d  txx  the  College  Brafe  Quadrant  at  hisHoufe. 
;    Mr.  Owen  Harris^    an   ingenious  Schoolmafter 


fin  Bofion^   lays  he   obferved  the  End  at  about 
\i6*p.  9 


Eclipfes  of  the  Sun. 

By  the  fccood  Obfcrvation  the  Sun's  Diameter  was  to  the  Moon's 
as  loooto  972  ;  by  the  third,  as  locx)  to  975,  At  Bojion  the 
Eclipfe  was  obfcrved,  allowing  for  its  Diftance,  as  I  obferved  it  at 
the  College.  And  at  Barnjiable^  on  Cape  Cod^  there  was  but  a  lit- 
tle left  of  the  Sun,  and  nearer  the  Head  of  the  Cape  there  was  a 
Rbg  of  Light  quite  round  the  Moon. 

The  Telefcope  I  made  my  Obfcrvations  by  is  24  Feet  long. 
The  Telefcope  that  Mr.  Danfortb  ufed,  thra*  which  the  Rays  were 
tranfmitted,  was  8  Feet,  and  the  Bra?fs  Quadrant  the  very  fame  Dr. 
Hidlej  ufed  at  St  Htkna.  If  I  have  been  guilty  of  any  Miftake 
pardon  me,  and  if,  wich  eafe,  you  could  tell  nie  where  the  Shadow 
would  pafs  off  America^  I  fliould  be  glad,  for  I  made  it  to  be  a- 
bout  Cape  Cod.  Taking  its  Latitude-  to  be  40^  North,  or  40  ** 
\o\  and  Eaft  from  the  College  10'  or  15'  I  forget  which, 
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H 
5 


'ieni^»/ij)par.\      I'ioajes.      | 


25     25 


29  5 

34  27 

40  43 

44  20 

47  If 

48  12 

49  00 


Dig.  Obfcur. 


Objervata. 


% 
3 

3  i 
4 
4i 


Initium   defeftus  hoc   tempore   nulhjm 
apparebat :  turn  poft  tempus  hoc,  in 
gruerunt  denfae  nubes. 

Tcgitur  maxima  folarjs  Macula  imer  dua^ 
minores  fka. 


.IX.  I.] 

\AnEclipfeof 
the  Sun  Sept. 
25.^:^.1726, 
tf/Padua/ryAIr 
J.  Polenus. 


Crefccbat  certe  adhuc  Obumbratio  in  So- 
lari  difco,  ut  trans  nubes  apparebat : 
mox  vero  dum  denffores  fierent  nu- 
bes,   acquc   Sol  ad  Finitorem  prope- 

\    rabat,    nihil  quicquam  amplius  licuir 

I     obfervare. 


IX.  2.]; 


'7+ 


Eclipfes  of  the  Sun. 


JtUthonhj        2.]  Ccelo,  ^prarter  fpem,  clariflimo  Ddiquium  hoc  Ulyfiipone 
F.  J.  Bapt.     confpeximus,  cjufque  finem  tantum  non  vidimus  ;    moatc  liquidem 
CarboDi.        interjefto,  (fclituit  Sol  uno  circircr  minutp  temporis  ancec^am  ple- 
N^4oo.^.335.^^  rcfticueretur.     TclefcojHO    ufus    fum    pedum    8.     Parifinorum, 
quod  micrometro    inftruxeram  accuratilfime  elaborate.      Nonni^lia 
tamen  obfcrvanti  acccfferunt  incommoda,    quibus    prsepediencibus» 
phafes  aliquot  digicorum   inveftigare,  auc  opportune  aanotare  non 
licuit.     Quas  tamen  obfervare  datum  eft,   eas  fane  fenfibili  crrorc 
carere  autumo  ;   tum  qu5d  in  digitis  Solaribus  refte  dimetieodis 
nuUam  prastermiflerim  diligentiam  ;    tum  quod  correftionem  tem- 
poris  repetitis    eo   die    Obfervationibus   accuratiffime   ioveftigave- 


rim. 


Ne  veto  fuo  careat  teftimonio  prfledifta  correftio,  duas  hJc  ap- 
ponam  alcitudines  Solis,  quarum  alteram  ante  Eclipfeos  initium^ 
alteram  fub  ejus  finem,  Quadrante  Aftronomico  trium  pedum  Pa- 
rifmorum,  deprehendi  ;  &  utraque  fane  Obfervationi  Meridianse 
confentit,  ejufdepque  defeAus  horologium  arguit. 


In  Meridie  vcro,  feu  Apparent!  indicabat  horo-? 
logium.  —  —  —  — S 

Nempe  deficiebat  a  Tempore  vero        —        — 


A  Meridie  ;    Altitudo   vera  centri  Solis     —    - 
Ejufdcm  Declinatio  Auftralis  —         -^    - 

Altitudo  Poll,  ex  pluribus  Obfervationibus,  certa, 

(altem  quoad  minuta  prima  —  — 

Quibus  datis  invenitur  per  Trigonomciitriam  arcus 

diftantiae  Solis  a  Meridiano  —  — 


Qui,    fi  in  tempus   CQnvertatur,    dat 
fndicabat  vero  horologium        — 


Ergo  a  tempore  vero  deficiebat  '  -■ —  — > 


cus 


Iterum,  Altitudo  vera  centri  Solis  —  — 

Ejufdcm  Declinatio  Auftralis  —  — 

Aitttudo  Poli,    ut  fupra  —  —     — 

Ex  quibus  denuo  per  Trigonometriam  infertur  ar-^ 
IS  *diftantiee  Solis  a  Meridiano  —  —3 


4    52  54 

55  24 

;8    42  o 

?2    S9  40 


Qui 


Eciiffis  af  the  Sun. 

Qyi  m  telhjws  cohvei*fi«  ckt  — 

Indicabac  vti*6  horoJogium  — 

Ac^proinde  a  tempore  Vero  deficiebat    — ^  — 

Hanc  igitur  aequaiionem  tempori  horologii  addidi, 

quo  ficVet  tempiis  verum,    Teu    ipparens   corredufn, 

eoque  ufiis  fum  in  fequentibus  Obfcrvationibus. 
~  .-.^.    » »^..-, 


5 
5 

31  59 
30  26 

1 

I  31 

^7S 


Pbnfes  Imm^Jionnni. 


Xi^m\tii*m       -litiiiai 


I  ^Cemp.  ^er. 


Incipk limbiis  -LuBae  Umbum  Solar-em  perUringere.  ^^ 

dub.  —  —  —  —        — 5 

I.  Digitus  latet  —  —  — 

-H.  'Digiifus        —  —  —  — . 

III.  Digitus  —  —  —  — 
Dimidium  quarti           —              —  — ■ 

IV.  Digitus        —  —  —        -^ 
V.   Digitus                 —                — i  —    — 

Dimidium  fexti  —  —  —    — 

VI.  Digitus  —  —  —  — 

VII.  Digitus  —  —  —  —  — 
Dimidium  oftavi  —  —  — 
Maxima:  obfcurationis    tempus^    quantum  ex? 

reliquis  phafibus  coUigi  poteft         —         ^ 

VI f.  4/;  Maxima?  Obfcurationis  ^uajjtitas. 


H. 

/ 

,* 

5 

59 

5c 

4 

5 

IC 

■4 

.10 

A:. 

4 

16 

55 

4 

•20 

*4 

4 

23 

4h 

4 

31 

5 

4 

34 

51 

4 

3« 

57 

4 

47 

57 

4 

54 

59 

4 

58 

30 

i^MA^b^^dMMa 


Pbafes  Kmerfionum. 
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^Dimidium  feptimi  digiti  latct        — 
VLlDigitfts  _  _  _ 

V.JDigitts         —       . —  — 

Dimidium  quinti  —  — - 

Dimidium  quarti  .      —  — 

IlI.Digitils  —  —  -r 

XL  Digitus        —        —  —        —        — 

DittHdiumfecuddi       *--        —       -^      -^ 

I.  Digitus  —        —        —        —        — 

Limbus  Solis  inferior  montem  (Iringic         — ^ 

Sol  totus  delitefcit,   adhuc  deficiens  min»  circiter? 

12.  nempe  ^  unius  digiti^         —•         — •  ;— > 


^lemp,  i/er. 


hT 

r 

/• 

5 

13 

40 

5 

17 

5« 

5 

25 

58 

.5 

29 

43 

5 

36 

49 

5 

.40 

•8 

-5 

-43 

•»4 

5 

46 

10 

5 

.t48 

5S 

5 

•51 

40 

5 

52 

42 

5 

55 

27 

Al. 
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5     55     27 


57 
o 


5    56 


EcUpfesof  the  Sun. 

C  Altitude  apparens  montis,  feu  limbi  fuperiorisSo- 
yi5,  57' 30",  quae  corredht,  eric  34  29*;  exhisrur- 
Jfus  fubtrafta  cjuantitate  femidiametri  Solaris  16'  4"  re- 
^mancbic,  altitude  vera  centri  Solis,  quando  to- 
/tus  dclituit  18'  25";  ex  qua^  infertur  hora  pracdidae 
Caltitudini  rcfpondens,  nimiriim  —  — 

—  Occafus   Solis  vcrus  —  — 

—  Sed  apparcns,  propter  refraftionem,  circ.    — 
^     Undc  pacet^  finem  Eclipfeos  in  noftro  Hcmifpheric 

50  ^  viiibilem  fuifle  \   contigic  enim,   quantikm  ex  pre 
^diftts  colligi  poteft,  circiter  ^^  56'  50''        —        — 


3.] 

At  Tngolftat, 
by  the  Fathers 
of  the  Societ. 
ef  Jcfua. 


Temp. 

P^j/«. 

H       ' 

5     17    52 

5    19    24 

5    23    30 
5    24    40 
5     26    36 

5    30    46 
5    37     12  , 

5    43     10 
5    49      P 

Imago  Solis  per  Heliofcopium  cxcepta  in  obfcuro 
loco,  ccEptae  Eclipfeos  initium  prajbet  circa  46"  \ 
a  Nadir  ad  Boream. 

Sol  obfcuratus  ,•*<,  unius  digiti  Telefcop.  12  &  16 
pedibus  videtur. 

Centrum  maculae  SoKs  limbo  propioris  immet^itur. 

Centrum  maculae  infignis. 

Centrum  maculse  tertiae. 

2  Digiti  obfcurati  a  Nadir  in  Bor.  39* 

3  Dig.        —         —            —     35i 

4  Dig.            —                —    —  27 

4  \  Dig.  circiter  deficientem  folem  nubes  furripoere. 

Pbafes  MUrometro  dimenfee.                                | 

H.    '       " 

5     22     30 
30     50 
37    54 
44    30 
47    30 

Digit. 

I 
2 

\  ■ 

4  33 

Solis  femidiameter  faspras  micrometro  dimenia  exade  implebat 
a '6   o'o. 


X.I.] 


Eclipfes  of  the  Sun. 
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X.]    the  Latitude  of  thfa  Place,   I  found  by  federal  Gbferva- ^^^^^^ 

dons  with  a  Quadrant  of  foyrfect  Radius  to  be  19^  12'iV;  On  March  tbiSuni 

1727.   there  happened  an  Eclipfe  of  the  Sun,    whofe  grcatcft  Qtxlz,  March 


4itVtr% 


XI 


Obfcuration  here,  was  about  10 4  Digits.  Having  carefully  adjufted  ^^f^i^y-  ^ 
the  Pendulum  Clock,  and  fixM  a  Telefcope  to  the  Index  of  the  jj^' J*  "*";f- 
forefaid  Quadrant,  I  obfervM  it  to  begin  in  aboutthe  S.  E.  by  S.  ^^P'^^^' 
Part  of  the  Sun's  Dilk. 


L 


The  Beginning  —  —  — 

SSiddle  as  near  as  we  could  judge.     —         —         — 
End  aboutthe  N.  N.  E.  part  of  his  disk        —        — 


The  Suri*s  Altitude  at 


'  Beginning 


.End 


Apfar.  Time 
P.  M. 


H.  • 

o  49 

2  30 

3  59, 


o     '  - 
67;  53 

28  %Ar 


Comparing  thefc  Obfcrvations  with  my  Calculation  from  Mr.^ 
FlM^ead^s  Tables,  I  judge  ^fr^  Cr«2  to  lie  S7^  S^'^o  ^^'^  W.of 
the  MericHan  of  thofe  Tables. 

XI;i.]  In  Pradio^  quod  eft  occidentalius  noftro  Collegio  D.  An-  AnEcHpfivr 
tonii  M.  4"  hor.  circiter,  &  cujus  Latitudo  Quadrante  aftronomico  tbeSummif;. 
trium  pedum  exploraca,  eft  38^  42'  58",  obfervavi  hanc  Eclipfim  **P'- '727- W. 
Tclcfcopio  pedum  circiter  8,  quod  micromerro  inftruxeram  rite  ^%  J-'jbon, 
comparato.  Initium  infra  horizontem  celcbratum  eft;  jamque  di- ^ne/'  *^" 
gitps  circiter  4  dcficiebat  Sol,  quandp  ex  oppofito  montc  primo  N<>403.^.47i. 
emeriit.  Sequentcs  tamen  phafcs  obfcrvari  tancCim  potuerc,  reliquis 
fortuito  cvcntu  impeditis.  "  v 
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A  A 


T>i^ti 


lyS 


EcUffes  of  the  Sun. 


PigUi 


vit! 
vm 


VI  i 

VI 

V4 

V 

IV  i 

IV 

lllli 

III 

II 

li 
I 

# 

Finis 


Pbafes  lamer/. 


m.  i't   fee.  48"   max.    obfc. 
Emerf. 


Temp.  A.  M. 


H.     ' 

w 

Temp.  I 

P'Jfr.  corr. 

5    55 

8.  <b». 

6    10 

54.  <fc*. 

6     13 

29.  ftrr. 

6    31 

49 

6    35 

23 

6    38 

45 

6    41 

57 

6    45 

2 

6    47 

59 

J    50 

49 

*    58 

34 

656 

16 

6    5» 

54 

7       I 

28 

7 
7 


3    59 
6    a& 


2  f  ^r/i. 


^ 


Poft  finem  Eclipfeos,  ftatim  horologtum  peadulo  inftnsftuaii,  du« 
plici  Solis  altkudine  eodem  quadrance  aftronomico  obfcrvata,  ad 
trutinam  reyocavi ;  kiyentamque  corre^tionem,  ia  phaHbus  fupenite 
adnocatis  adhibui. 


ni/SfmeM$        2.3  Denlioribus  nubibus   fopius    intercurrentibus,    non    pluret 
Paduji,j5jr*^-Ql)feryari  potucrunt  Phafes,  quam  cae,  quas  fubjcci 


Temp.  Ver. 

Pta/es 

D^it.Mim. 

n.      >■     " 

19.  3.    45. 
24.     12. 

41.    27. 

20.  30.    45. 
38.    42. 

~            — 

•— " 

0  10 

3  0 

4  30 

1  30 

3-3 


Eclipfes  of  the  Sun. 


J  79 


3.]  HorsB  Minutt  prima  &  fccuada  temporis  vcri  poft  tnedkiu  ^/RomeN*. 
oodem,  «  tranfitu  foils  rc^ificantur.    Videram  die  f)r«ccdcnti  mar  403  ^  473« 
culas  plures  in  difco  folis,  apparcre.    Complcta  celcritcr  harum  de^ 
lineatione,  fcqucntca  phafes  accurate  adnotavi  cum  V.  C.  Jo.  D(m>  pjg  ^ 
nico  Maraldiy  dirc&o  in  folem  Wbo  optico,  cxceptaque  in  charca  So- 
lis  imagine. 


Temp.  Ver. 


H. 

7 


O      Q 

z    17 


7    ^^    47 


7  24  nt> 

7  14  40 

7  «5  " 

7  «7  41 

7  :«8  31 

7  29  10 

7  31  9 

7  38  45 

7  4t>  58 

7  4^1  45 

7  43  J5 

7  45  «« 


Pbafes. 


IXre^o  in  foJem  Tubo  opcico,  Eclipfim  ex  aliquot 
minutjis  harariis  cepiOe  video« 

Latent  /olaris  dUci  tres  digiti  cum  quadrante  a  Luna 
contefti.    Interfe&io  difcorum  folis,  &  Luiias  in- 
cidit  in  gr.  5  &  95.  numeratls  a  puniflo,  A.  quod 
.eft  in  Figura  doverfl  96.   vcrtkale.    Macula   4^96. 
eft  in  piano  Azimuthi  per  centrum  Solis  ^  Zenith 
du£ti,   JU  diftat  in    femidiametro  di(ci  Solaris  St     ^ 
centro   verfus    peripheriam  digitia  4j^>  ut  in  fi- 
gura 97*    Etiam  .macula  e  in  eodem  fere  Azi*  f^^^  ^^ 
mutho  ver&tur. 

Nunc  fpeftaotur  a  Luna  conteS:!  digiti  Solaris  diici 
4.^.  Interfeftb  difcorum  Sblis,  «  Lunse  fit  in 
^n  difci  Solaris  10  &  iii.  ut  antea  sipuofto  A 
mia^ihis  per  Laevam  refpicientis  numeratis. 

Yeftigium  dilutions  maciuas  m  prope  b  fitse  Lunae 
tiifcum  fubit. 

Macula  b  incipit  perftringi  \  difco  Lunse. 

Eadem  macula^  tota  immerg^tur. 

Initium  maculae  e  incipit  fuhire  difcum  Lunas. 

Eadem  macula^r  tota  jam  occulcatun 

Digiti  Solaris  diametri  5 1  latent. 

Latent  digiti  5  4.  Int»fe£tio  difcorum  utriufque  Lu- 
minarts  fit  in  gr.  20,  &  136. 

Latent  digiti  6.  &  gr.  31*  ^ue  150  Solaris  difci  ' 
funt  pun£biinterfe&ionum  cum  LunarL 

Maculae  d  Limbus  prior  a  Lunae  circulo  perftrin- 
/gitur. 

Tota  macula  d  jam  latet. 

.Conttguntur  .Soils  digiti  6  ^*  &  interfeftio  difcorum 
iincidit  in  gr.  39  &  162. 

MacHlas  ferme  Evanidas/  Limbui  pcrftringitur  ab 
incurfu  Lunas. 


A  a  2 


Tota 


i8o 


Fig.  96. 


H.  ' 

7  46 
7  50 


2 

5 


8  8 

8  II 

8  12 

8  14 

8  16 

8  18 

8  22 

8  23 

8  24 

8  27 

8  34 

8  34 

8  35 

8  37 

8  37 

8  39 

8  42 


8  44 
8  46 


8  48 


20 
o 

12 

25 
24 

32 
50 
38 

46 

34 
29 

38 

40 
lb 
23 


55 
46 

9 

27 

46 


8 


10 
53 


Eclipfes  of  the.  Sun. 

Tota  m;icula  /  ^  Lunac  contegitar. 

Latent  digiri  6  i,   &  luminariUai  peripheria;  fe  inr- 

tcrfecant  in  gr.  61  &  185. 
Latent  paulo  minus  quam  digiti  fex,    feu  5  |.  in- 

terfecant  fcfe  difci  ki  gr.  62.  &  182. 
Latent  digiti  5  -J,  ex  gr.  6^  ad  183. 
Latent  digiti  5  ^.    Interfedio  Lumxnarium   difci  m 

gr.  Solaris  80  &  192. 
Latent  digiti  5.  Interfedtio.  in  gr.  82.^,  &  192  J. 
Incipit  emergere  Limbus  prior  maculas  h. 
Tota  macula  b  extra  Limbum  Lunse ;  &  macula 

n  eidem  proxima  fimul  exit. 
Emergit  etiam  macula  m  vicma  maculae  b. 
Emergit  quoque  macula  /  eidem  b  proxima. 
Macula  e  emergit. 
Latent  d%iti  3  \.  Interfedio  difcorum  in  gr.  105  & 

195- 
Incipic  emergere  macula  d. 
Tota  macula  d  extra  difcum  Lunas. 
Latent    digiti  2  \.  Interfeftio   difcorum   fit   in  gr. 

Solaris  115  &  182, 
Incipit  emergere  e  difco  Lunas  prior  limbus   ma- 
culae 0. 
Tota  macula  #  extra  limbum  Lunac. 
Latent  digiti  i  \. 
Latent  digiti  i  \. 
Exeunt  ejttra  Limbum  Lunac  maculae  j,  &  b^  fitac 

prope  maculam  e. 
Latent  digiti  o  \.  Interfedio  Limbomm  ufrfulquc 

difci  Luminarium  in  Solari  incidit  in  gr.  140  & 

180. 
Limbus  fuperior  SoBs  diftat  ^  Vertice  gr.  58.  i'.  in- 

fpedus  per  cjiKidrantem    aiurichalchicum  cubo  in*- 

ftru^tum,  cujus  radium  eft  palm.  Rom.  3. 
Finis  Edipfeps  difci* 
Limbus  fuperior  Solis  per  quadrantcra  aurichalchi- 

cum  inlpcdus  diftat  a  vertice  gr.  57  30'.  adco- 

que  centrum  Solis  diftat  a  vertice  gr.  57.  46*. 
Limbus    fuperior   Solis    iterum  infpedhis    diftat    a 

vertice  gr.  57.  20'  adeoquc  centrum  Solis  diftat  i 

vertice  gr.  57.  ^6\     • 
Limbus  inferior  Solis  diftat  a  vertice  per  fiipradic- 

tum  quadrantem  gr.  57.  20'.  adeoque  centrum  Sali$ 
.  diftat  a.  vertice  cr..57.  V 
Eadem  die  in  mcridie  coek)  clarii&mOr 

Primus 


r 


r      • 


^^-  97- 


H. 
II 


58 


35 


^    Eclipfes  of  the  Sun. 

Primus  Solis  limbus  cum  penumbra  attingic  lineam  me* 

ridianam. 
Secundus  Solis  limbus  cum  penumbra  attingic  lineam 

meridianam,  //•     '     " 

Ergo  Meridies o     00 

In  meridie  dilbntta  ^  vertice  per  quadrantem  expio* 

rata  fuit 
Gr.  38.  27'.  Limbi  fuperioris.      ^Centri  Solis  gr, 
Gr.  38.  5^.  Limbi  inftrioris.     S     38.43. 


i8x 


4:.  ]  Plurimae  in  Sole  macute  hujufce  Eclipfis  tempore  videbantur:  AttheObrn- 
Cvim  tamen  prae  nubibus  neceflariae  circa  illas  inftitui  obfervationes  vatorj  of 
non  potuerinty  utearum  ficus  in  Solari  difco  deprehenderetur  prse-  Bologna  by 
cipuarum  tantiim  afpedus  in  appofita  figura  98  cxhibetur,  quails  ^jj?***?"^' . 
inferri  potuit  ex  obfervationibus  vefpcre  diei  14.  circa  hor.  5.26'.  habi-  ^^<^^"«»fi«li. 
lis ;  idque  fatis  effe  arbitor  ad  eas-  indicandas  quae  funt  a  Luna  be-  ^.  477°^' 
culcatse  Eclipfis  tempore*  Fig,  9a, 

Initium  Eclipfis  obfervari  non  potuit;   fed  hor.  18.  55'.  48".  A- 
flronomic.  fenfibilis  apparebat  d£fcAus»  ut  inter  nubes. 


fcmpora. 


n. 

> 

It 

18' 

5S 

37 

J9 

3 

12 

«9 

6 

50 

19 

10 

II 

iSl 

30 

35 

19 

35 

46 

19 

40 

47 

»9 

44 

31 

19 

47 

27 

19 

47 

46 

L9_ 

.51 

37- 

J9 

54 

12 

>9 

55 

37 

19 

59 

2 

20 

I 

22 

20 

10 

10 

20    II    47 


Pbajh. 


Unus  digitus,  &  amplius  fortafiTe  latcbat. 

Digitus  cum  dimidio. 

Duodigici. 

,Puo  cum  dimidio.  duh.  Paulo  poft  nubes  Solem  ob- 

te^unt. 
Sol  inter  nubes  videtur  deficere  plus  digitis  4  cum 

dimidio. 
Eclipfis  nondum  pertingere  videtur  ad  5  digit,  pig,  ^, 

Quinque  digiti  circiter. 

Maculae^  b^  c^  dy  e^  jamlatebant.    Nunc  occuItacu^ 
,    centrum,  u 

Limbus  J  inter  maculas,  s. 
Secunda  ex  duabus  maculis,  j,  omnino  tegitur. 
Eclipfis  eft  paulb  minor  5  digit,  inter  nubes. 
Centrum  maculae,  /),  occultatur. 
Centrum,  {^,  item  occultatur. 
Quatuor  dig.  cum  dimidio  eclipfantur.  dub. 
Una  ex  maculis  propc  limbum  (fortaflc  n)  occultatur. 
Eclipfis  paulo  mm.  dig.  3  ^. 
Tota  macula,  1,  emerfit. 

Eclipfis^ 


\ 


;6a 


H. 

3Q 

20 
20 

20 
20 
20 


JMipfes  $/  tb$  Sun. 

'  '^  I 
15     0}  Eclipr»  s  d)gi(oruni. 

1 8  48  Duorum  cum  dimidio. 

18  49  Ificipk  ^v^r^fiT^  macub,  $. 

22  26  Duo  digit!  arciter  eclipf^mur. 

26  14  Digkus  I  \. 

3^      6  Finis  Eclipfeos  i  mbu$  (>(>ferv$toribus  notatus, 
eodem  fecundo  temporis  ccncordibus. 


m 


XIX.] 

A  Scheme  ^an 
Eclipfe  of  the 
Sun  July  J^b, 

at  Wirtem- 
hMTgiyMr. 
'  F.  Wcidler. 


ji 


394- 


.415.  p. 


The  Type 
.Fig.  99. 


Temp.  Ver. 
Ante  Merid. 


IH-     ' 
.3     56 

59 

4  10 
26 

33 

38 
43 
47 
50 

53 
57 

5  3 
7 

10 

13 


o 

o 

30 

o 
o 
o 

30 

o 

15 
30 

o 

30 

o 

30 

o 


15  30 


Phafes. 


Dig.  Af«. 


5  + 

6  55 


6 
6 

5 
5 
4 
4 
3 
3 

I 
I 
o 


30 
o 

30 

o 

30 

o 

3a 

o 
o 

30 

o 

30 


jinnotata. 


Sal  oricMr  poft  nubes. 
Sol  latct  pa(t  nubcs. 


I.  Sol  oriem  iiguram  mondrac  ellipti- 
cam :  diameter  verticalis  daobus  d^itis 
five  fexta  fui  parte  contraAior  ^ppar^c  ho- 
ri2^Cali. 

IL  Me9)prabili3  erat  confpeAus  orbis 
Lunac  afpero  margine  praediti,  quoad  par- 
tem quas  in  occaium  ipedabat.  Difrinflr 
enim  cemebatur  4b.  3m.  Vallis.fp  diam. 
Ltm«  profunda  &:  ^^^  gufdem  diam.  circi- 
ter  longa.  In  prosreflii  eclipfeos  afperitas 
limbi  Lunae  minuebatur,  &  adhasrente  ei- 
dem  fafcia  coerule^  abfcondebatur.  Haec 
cnim  &fcia  fenfim  fo]e  altius  furgente  dila- 
tabatur.  Tumpraster  colorem  coeruleum. 
etiam  puniceus  jLunae  proprius  imqumbens 
in  ocuios  incurrebat,  &  circa  finem  de- 
liquii  fafciae  cobratae  fpiffitudo  trigefim^ 
fextas  parti  diametri  Lunaris  prope  par  vi- 
dcbatur. 

III.  Prasterea  juxta  Lunaris  difci  margi- 
nem  coloratum  perpetua  Luminis  iblaris 
commotio  notata  eft. 
^  Finis  ficlipfeos. 


2.]  Orientft 


Ecliffis  9f  the  Sun, 


1^3 


2.1  Oriente  Sole,  Nubes  tenues  Finicorem  quafi  cingebant :  qui-  tbtfiuu  at 

Imis  deinde  evaodcentibus,  aer  tandllum  nebolonis  fint;  ut  maculae  f^*^  h^' 

J.  Poleniu. 

N^  415.  /. 
396- 


folares  luHid  (atis  diftin£te  apparerent. 


Digiti 
Ohfiur. 

Vera. 

4 
34 

3 

2 

I 

X 

Finis 

H.     '       " 
16   46    12 

10    50    36 

16  57     24 

17  I     20 
17       3     29 
17       6      8 

July  i5<*  ^-  5- 


3.]  Ex  infperato  fub  ipfum  Eclipfeos  inkium  fi£tere  |)1uvms  ftmu}- 
que  nubes  rarefcere  cccperunt,  ac  poft  horac  quadraiitem  Sol 
per  nubila  rariora  nudis  oculis  Eclipfi  infedus  circiter  iefquidigicum 
appaniit. 

Praeparaveramus  organon,  ad  fpecien^  Solis  fcilicet  per  telefcopi- 
um  6  pedum  Sinkorum  excifMendam  in  orthogoitaliter  fubjedb^ 
menfula,  e  cojus  centre  ad  an^Iitudinem  apparencis  fpeciei  accurate 
ddcripttrs  erat  circulus  per  10  digicos  noK  Sinico  divifus.  Parati 
cooque  liabebantur  in  charta  munda  phires  circuli  fixniiii^r  divifi^  & 
taper  ilium  fucceflive  applicandi,  in  quibus  praefighatas  erant  phafes 
eclipucae  per  fingulos  digitos  apparituras,  fecuodum  indkiationes 
Luna  ad  hneam  verticalem  Solif* 

Interim  vtro  aliud  ad  Sdem  dirigebatur  telefcopHim  2  lentibus 
objeftiins  inftrudum,  in  ea  inter  fe  diftanti^,  ut  filare  reticulum  in 
fbco  tekfcop^  dHpofitmn,  pariterquc  per  10  digitos  divifum  exa£h: 
quadraret  apparent!  magnitudmi  Soliiy  atque  per  iftud  prime  obfer- 
fitus  foit  appdfus  Lurnt. 


An  Eciipfe  of 
tbi  Sun  July 
ic/iJ.  1730. 
N.  S.  af^t^ 

Ignat.  Kcgler 
&r  Andrew 
Pcrcyra. 

Fig,  100. 


H. 


I S4  Ecjipfes  of  the  Sun. 

H.     ' 

II    40  a.  m.  ad  dig.  III.  id  eft  Europ.  dig.  3     36 
1 1     5 1  ad  dig.  IV.  4    4s 

Foftea  clariflime  allucente  Sole  per  hujus  fpeciem  in  difco  notati 
fuerunt  ut  fcquitur. 

H.     ' 

o  2    p.  m.  ad  ccotrum  feu  d.  V.  Europ.  ii.  6  o 

o  14                     •ad  dig.  VI.  7  12 

o  26  i                     ad  dig.  VH.  8  24 

o  40                        ad  dig.  VIII.  9  3^ 

0  51  max.  EclipC         dig.  VIII.  J     '  9  54 

1  2  regrcff.  ad  dig.  VIII.  9  36 
I  16  20"  ad  dig.  VII.  8  24 
I     27     50                 ad  dig.  VI.  7     12 

Dcin  rurfus  tenui  nebula  involutus  Sol  fuam  fpeciem  infufcavit,  tele- 
fcopio  tamen  pracfato  dare  vifibilis  ad  cujus  reticulum  obferva* 
Xm  eft. 

H.     ' 

I     39  p.  m.  recein        ad  dig.  V.  feu  60 

1  50  ad  dig.  IV.  4    48 

2  o  ad  dig.  IIL  3     36 
Iterum  emergens  e  nebula  Sol  clariilimani  exhibulc  fpeciem  ad  quam 
porro  notati  funt. 

H.     '      " 

.  Z      9     20  recefil  ad  dig.  IL  2    24 

2     18     20  ad  dig.  I.  112 

2  27  10  Finis  Eclipfis:  qui  itidem  per  aliud  telefcopi- 
um  excellens  14  pedum  Sinicorum  eodem  momento  eft  annotatus. 
Hordlogium  detiique  correxit  Sol  ipfe^  turn  in  magno  fciathericQ^ 
armillaque  aequatoria.Obfervatorii  fingula  miniita  horaria  common- 
ftrans,  tum  per  captas  aliquot  altitudines  eadem  momenta  temporis 
.comprobans. 


itemp. 


Eeiipfes  of  t&e  Moon, 


Temp.  Ver. 
P.  M. 


i  Ocaiitathtus  Csf  ratines  mnrndlantm  Solis  macularum, 


O  22  O 

o  27  50 

o  31  40 

o  37  10 

0  38  35 

1  18  45 

1  23  50 

2  5  20 
2  7  30 
2  II  25 

2  12  25 


'  I" 


■165 


-^ 


0  Macula  major,  quae  eratin  ipfa  peripheria  dig.  11 
i     ad  "^^    ""'*  ' 


NordrOJi  immcrfa, 
'.V>Minores  inter  dig.  1 1  &  i  immcrfaB. 


} Maculae  duae  inter  dig.  iii  &  lY.  vcrfus ^i^^  Weft 
rctcdac. 


^Maculae  quatuor  ad  Nord-Oft  retcftae  fuerunt. 


femp.Appar. 
P.   M- 


6    54    25 


7 

5 

5 

12 

56 

18 

10 

22 

31 

30 

55 

41 

53 

46 

58 

49 

4 

8 

33 

3 

9 

30 

49 

Pbafes. 


Sub  initium  Eclipfis  nubes  lunam  obtenre. 

Umbra  appellit  ad  partem  ortivam  maris  humorun} ; 

diftat  ab  Arillarcno  diametro  ejoldem  macular,  p^i- 

rique  intervallo  a  Kcplero. 
Appellit  umbra  ad  Coperoicum. 
Umbra  appellit  ad  Tychooem. 
Appellit  ad  Platonem* 
Tcgit  Manilium  totum* 
Tegere  incipit  partem  ortivam  maris  Nedaris. 
Appellit  fecundam  partem  ortlv^m  i!uperiorem  ^d 

mare  Crifium.  =  * 

Penumbra  extremum  difci  attingit.  ? 

Vix  quidquam  immer'fionis  fupereft. 
Toto  integrae  immerfionis  tempore  luna  viderl  potqit 

commixta    color-e  quodam   obfcuro  &   fubrubro. 

Principio   poft  immerfionem  lunae   pars  orientem 

verfus  erat  obrcuripr. .  ' 

Obfcurior  erat  lunae  pars  prope  cGfci  rtcdium  :  mints 

obfcurae  erant  circumquaoue  partes  difgi  extremas; 
Stellula  quaedam,  oudis  oculis  inconlpicua:,  Vix  decern 

fecundis  diftare  videbatur  a  lunas  ^ifco  €  r^ione 

Lanflbeigii,  .  .  ; 

Vol.  Vl.-       .  B  b  Penumbra 


XIIL 

^']  ^ft  Ec/igfe 

(f  the  Moon 

9cp.8/*.i7tg. 

at  Padaa,  by 

S%tioriJ.?o- 

]eniand].i. 

Morgagni. 


i86 


H. 


r 


Eclipfesoftbe  Moon. 


lO 


36 
40 

44 
49 
50 
00 

5 

14 

»9 
27 

36 

39 
4^ 
42 


9  Penumbra  fit  clara  in  difci  cxtrcmi  parte  ortivL 
4  inicium  emcrfionis  ex  ortiva  plaga.  --••#• 

39  Grimaldus  jam  cmerfit  ab  umbra  a  qua  diftat  fui  ipCuar 

•    ipinori  fpatio. 
38  Stellulae  ante  vifae  a  luna  occurtatio  :  tamcn  incerta* 
34|Gaffendus  emergit. 
49 1  Mare  humorum  extra  umbram  totum* 
3  rCopernici  emerflo. 
Plato  emei^cre  incipit, 
Eudoxus  exit. 
:Menelai  emerfio;. 
Mare  nedaris  totum  emcrfit.. 
Umbra  dividit  Mare  crifium  bifariam  fecundum  ipfii» 

majorem  diametrum. 
Incipit  umbra  fieri  tantillum  rarion 
-Vifus  eflk  eflc  umbrae  finis; 
Ec  finis  penumbras. 


55 
41 
12 

7 
.28 

12 

2 

51 


2.]  Tbefum 
IT/  Bologna  in 
the  Palace 
by  Sifnori     - 
Geimniano 
Rondelli^Gitt- 
feppo  Ant. 
Nadio&Giul. 
Csfare  Parifi. 
N?a8a./.72. 


^emp.  Ver. 
P-  M. 


H. 


#.   ..#A    . 


6  51  36 
56  22 

6  5«  37 

7  1 
2 

3 


7 
37 


11  22 

12  52 

15  37 

10  27 

19  22 

19  52 

^3  51 

35  8 

36  8 

36  38 

37  23 
39  23 
39  53 
44  8 
44  43 
47  18 


Pbafes. 


Initium  edipfis  non  eft  obfervatum. 
Mare  humorum  ad  umbram. 
Capuanus  ad  umbram. 
Mare  humorum  totum  in  umbra. 
Bullialdus  ad  umbram. 
Bullialdus  totus  fub  umbra. 
Copernicus  totus  fub  umbra^ 
Tycho  ad  umbram. 
Totus  Tycho  fub  umbra.. 
Plato  ad  umbram. 
Totus  Plato  fub  umbra^ 
Manllium  ad  umbramv 
Mare  ferenitatis. 
Mare  tranquillitati^ 
Mefialla  ad  umbram  1 
Totus  Meflalia  fub  dmbra.. 
Mare  fbecunditatis  ad  unibram. 
Promontorium  Ibmni. 
tfeomedes  ad  umbram. 
Mare  crifiumi 
Mare  fbecunditatis  totum.. 
Mare  crifium  totum. 

Totalis  obfcuratioluaasyjuxta  D.  NaJH  aeftimationejiu 

TotaJis^ 
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53 

0     47    40 

33  35 

36  54 

40  34 

42 

47  50 

52  10 

54  25 

55     12 

58  46 

10    4    2 

5  33 

10  17  12 

23  47 

27  58 

30  12 

,2   « 

34   7 

S^    »9 

37  36 

?«B(p.  f^er. 

P.  M. 

tt.  '   ' 

6  31  48 

42  13 

52  48 

7   2  23 

4   2 

5   4 

7  58 

10  54 

12  19 

13   9 

15  34 

,6   7 

7  i^  54 

20   9 

Totalis  obfcuratio,  juxta  D,  Pari/ium. 

Initiutn  emerfionis  lunae. 

Grimaldus  totus  extra  umbram. 

Galilaeus  extra  umbram. 

Sidus  quoddam  a  luna  tegitur  in  eodetn  proxime  ver- 

ticali  cum  centro  luns. 
Mare  humorum  extra  umbram. 
Bullialdus  extra  umbram. 
Centrum  Tychonis  extra  umbram. 
Tycho  totus  extra  umbram. 
Mare  nubium  extra  umbram. 
Plato  ad  umbras  terminum. 
Totus  Plato  extra  umbram. 
Infula  finus  medii  extra  umbram. 
Meilalla  ad  terminum  umbras^  (imul  totum  mare  fe« 

renitatis  extra  umbram. 
Mare  tranquillitatis  extra  umbram. 
Cieomedes  extra  umbram. 
Mare  crifium  umbrae  terminum  attingit. 
Mare  foecunditatis  totum  extra  umbranu 
Mare  crifium  totum  extra  umbram. 
Finis  eclipfis. 


Pbafes. 

Nunc  primum  luna  e  coUibus  affurgere  incipit,  penum-  3.]  qi^  j-aggg 

bra  atmofpherae  jam  infcfta.  '»  '^^  Su6ur6s 

Initium  verae  eclipfis,   quantum  judicare  paticbatur  f.^^^^,^^h 
.  fubdubius  umbrae  terminus.     Paulo  poft  nubecula-  ^^fo'S  olb-' 

rum  atque  arborum  objeftu  luna  tegebatur.  briclo  Man- 

Umbra  per  Ariftarchum  &  Keplerum  protenditur,  frcdi.  N«  382, 

atque  una  mare  humorum  tangere  videtur.  P-  74- 

Umbra  per  medium  Bullialdi,  fimul  tangens  Coper- 

nicum.  , 

Umbra  per  medium  Copernici. 
Totus  Copernicus  latet. 
Umbra  Pitatum  attingit. 
Attingit  Tychonem. 
Medium  Tychonis  latet. 
Totus  Tycho  latet. 
Umbra  ad  Platonem. 
Ad  medium  Platonis. 
Totus  Plato  latet. 
Manilius  tegitur.  B  b  2  Dlonyfius 


H. 


I 


20 

23 
24 
27 
29 
30 

31 
32 

35 

37 

39 
42 

44 
47 


34 
49 
36 
44 
34 
15 
57 

^? 

10 

5 
50 


8  38  50 


9  27  50 
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33 1  Umbra  tangit  marc  fercnitatis. 
44 1  Menelaus  tcgitun 
36  Dionyfias  tegkur. 

Plinius  tegitur. 

Umbra  acl  Catharinatn,  Theophflum,  Cyrillamr 

Umbra  tangit  Ffacaftorium. 

Medium  Fmcaftorii  tegitur. 

Promontorium  acutum  umbram  fubit. 

PromontoTium  fomni  later. 

Taruntius  latct. 

Umbra  tangit  mare  crifiam. 

Umbra  per  medium  mare  crifitrai. 

Totum  mare  crifiwn  in  umbra  conditOTr 

Totalis  immerfio  Kma;  in  umbram. 
Ttyto  tempore  cclipfis  luna  clariffime  in  fudb  fpcc- 
tabatur,    colore   rubcfcenti,   ea  parte   denfiori^ 
qua  altius  in  umbram  immergebatur. 

Hoc  tempore,  &  deinceps  aliquot  minutis,  omni  ex 
parte  seqoe  oblcura  apparebat  lunae  facies,  ut  fa- 
die  conftaret  cam  propc  umbrse  centrum  v*rfari. 

E  rcfttone  <5rimaldi,   qua  parte   emerfio  imminebat^. 
infignis  fulgor  fpeftari  cceperat. 
^a  ..  ?9.  PAlbitari  cceptum  de  _emerfionii  initio. 

Proculdubio  emerfio  jam  inceperat. 

Grimaldus  ab  umbra  fe  fubducere  incipit 

Ceirtfttffl  Grima Wi  emcfgit,  totua  RicciohasjamTtetcc- 
tus  erat. 

Totus  Grimaldus  exit  ab  umbra. 

Galiteus  txit. 

Umbra  tangit  mare  humosum. 

SteHula quse diu pTope  limbum  lunae  inferforem  (qui 

^  telefctJpio  fuperior  apparebat )  moratt  fuerat,  nunc 
demum  fub  lunam  condrtur,  circa  plagam  Tycho- 
nis,  adhuc  eclipfi  laborantem.  Aiise  Stellulae  lu- 
nam fubituf*  videbantur,  fed  poftqaam  unus  veP 
alter  digitus  lunaris  faciei  illuftrari  -Gctpic,  pr«  ful«- 
gore  omfies  evanefcebant. 

Umbra  per  medium  mare  humorum. 

Ariftarchus  emergit. 

Keplerus  emergit. 

Emergits  BuUiladus. 

Tycho  detegi  incipit. 

Medium  Tychoni^  detegitur. 

Totus  Tych(>  deteftus:  quu  tempore  nondum  HeUuIa^ 
e  luna  fe  fubduxerat. 

Copernicus  emergere  incipit. 
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26 
28 
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31 


43 

45 
47 
52 

53 
54^ 
55 


55 
56 


53 
41 

23 
6 

31 

9 
I 

21 


6  Medium.  Copernici  cmer^t* 


Totw 
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// 

9  57 

15 

lO   o 

I 

4 
5 

;i 

20 
23 
24 
25 
31 
31 
34 
36 

38 


51 

'^ 

41 
3* 

5 
II 

II 

3 

7 

51 


Ecliffes  of  the  Moon^ 

Tottts  Copernicas. 

Scellula  que  pauIo  antea  Tub  tuna  ddirueraf,  jisim 
fpe6labacur  a  lunas  limbo  fiOfiDiiili  diftans,  ut  ap- 
pareret  earn  ante  4  ve]  5  minuta  temporis  enerfifle. 
Verfabatur  antem  c  rcgione  partis  obfcar^  inferi*^ 
oris  limbi  itmae,  'neque  kmge  ab  umbi^  ccrtnino^ 

Umbra  per  mediom  Platonis* 

Tocus  Hatb  detegicur. 

Manilius  emergic. 

Diony  (ius  emei^it. ' 

Mcndaus  cmci^it. 

FracaftoTTOs  mtus  jam  emferlerat. 

Snellius&.Furnerius  totalizer  emergent;  . 

Prorijontorium  acutam  detegicur^ 

Meflalla  totus  apparet. 

Prpclus  wniergit. 

Mair  crifium  cmcrgere  incq)ia 

Mediticn  mand  crinum  emergit* 

Totum  mare  crilium  extra  umbram. 

Circa  hoc  tempos  umbra  %nera  lunam  dcferere  videtur^ 
penumbra  adhoc  adtnoltum  temporis  perdurante« 


xSf9 


Ohfervaiions  made  hy  the  Marquis  Antonio  Ghifilieri,  of  Bblognayr  ^IThi/amaf 
on  the  Obferyatqry  in  Jiis  own  Houfe.  Bdogna  ly 

thi  Morris 

/   I   ■ t  Antonio  Gld^ 

filicri 


fempus* 
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ff 

6 

40 

n 

51 

H 

55 

46' 

7 

I 

13 

28 

14 

32 

3« 

3^ 

45 

3« 

45 

46 

37 

9 

33 

50 

35 

39 

54 

17 

10 

J5 

6 

32 

39 

37 

42 

PA^/^^j. 


Initiate  eclipfis  tkihium. 
Mare  hutnorum  ad  .unibrarn«         ^ 
46'lGapuanus  adumbram;    ' 
BaHraldus  ad  umbram;' 
Mare  nefbaris  totum  fub  umbra. 
•Promontorium  acatum  adumbrtim;. 
Promontorium  fomni  ad  umbram  • 
Mare  crifium  tid  utwbranS. 
iTotalis  immcffio  lunse.      ' 
Initium  emerfionis. 
Grimaldus  xotus  extra  umbram. 
Tycho  totus  extra  umbram. 
Plinius  totus  extra  un>bram. 
Mare  crifium  emergere  incipic. 
Finis  eclipfis. 


Tfic 


igo  Ecliffes  of  the  Moon. 

JnEcUpfeof  XIV.  The  Eclipfe  of  the  Moon  which  happened  |in  June  Iafl:» 
the  Moon  J^ne  1722,  vTzs  fo  far  hid' by  the  cloudy  Sky,  that  neither  myfeJf,  nor 
^^Ttb^Lo  i'  ^y  ^^^  Aftronomical  Friends,  in  or  about  London^  could  furnifli 
^tuJeo/Von''  an  Obfervation  thereof  worthy  to  be  laid  before  the  Society.  But 
l^oval  in  Ja-  thc  fame  having  been  well  obferyed  at  Jamaica^  by  the  late  curious 
jnaica,  ^y  Dr.  Capt,  Candler^  and  at  Berlin^  by  Mr.  Cbriftfried  Kirck^  Aftronomer 
Hallcy.  N<^  of  the  Royal  Academy  of  Sciences  there,  I  thought  it  not  amifs 
37S-/-23S-  J.Q  prefix  to  their  Accounts  that  little  I  was  able  to  note  con- 
cerning it. 

June  18,  mane^  Having  perfeftly  reftified  my  Clock  fo  as  to  (hew 
the  Apparent  Time,  neither  the  tranfit  of  the  Moon  over  thc  Meri- 
<lian,  nor  the  beginning  of  the  Eclipfe  which  foon  fbllowec^  could 
be  fecn  through  the  very  thick  Cloud* 

At  13  £».  12'  3*.  a^  a  fmall  Particle  of  the  Moons  Body  was  feeti 
through  a  very  little  hiatus  in  the  Cloud,  by  which  glimpfe  I  could 
•cnly  be  affured  that  the  Eclipfe  was  not  yet  Total. 

At  i^b.  29'  by  fuch  another  view,  I  was  fatisfied  that  it  was 
now  become  Total ;  but  in  a  Moment,  it  again  difappeared,  till 
14  A.  49'  lo^  when  theXlouds  beginning  to  break,  I- got  time  to 
tneafure  with  the  Micnometer,  the  Partes  Lucida  now  recovered  in 
the  Moon*s  Diameter,  which  I  found  14'  00",  though  this  not  fo 
well  as  I  could  wilh,  by  reafon  of  a  thinner  Sort  of  Cloud  which  per- 
petually intercurr'd,  a^d  rendered  the  Edge  of  the  Shadow  fomewhac 
dubious. 

At  15  i&.  15'  the  Moon  was  pretty  well  got  out  of  the  thick 
CIuuu)  but  being  very  low;  and  thc  Daylight  become  ftrongj^  ftic. 
Ihong  very  faint^,  and  the  Shadow  became  worfe  ftnd  woric  de- 
fined. 

From  15  b.  2G  to  15  b.  ^f^T.  apf:l  doubted  of  the  End,,  and  am 
confident  it  did  not  exceed  the.  27th  Minute.  It  ended  overagainfl: 
the  North  Part  of  the  Pdus  M^sptis  of  Mr.  Hevelius,  much  about 
the  middle  of  the  Weftern  or  Right-hand  Limb  of  the  Moon,  fhe 
being  then  very  near  fetting. 

Capt.  Candler^  beings  then  at  P(^t  Royal,  in  Jamaica,  had  much 
better  Fortune,  and  a  ferene  Sky  from  the  beginning  to  the  End  ; 
who  having  ufed  due  care  to  be  affured  of  his  Times,  by  Altitudes 
taken  with  an  Inftrument  of  three  Foot  Radius,  was  pleafed  to  fend 
us  the  Refult  of  his  Obfervation  as  follows. 


The  Eclipfe  began 
Immerfion 
Emerfion 
'The  End 
Whence  the  Middle 

And 
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And  fuppofing  the  Eclipfe  to  have  ended  at  Greenwich^  at  x^h. 
26'  J  the  Diffcrcaicc  of  Longitude  between  Port  Royd  and  Green- 
wich^ will  be  sb.  6'  50",    or  5  b.  6^1  from  London^   that  is,  76. 

r-  37' i- 

Mr.  Kirck  being  in  a  more  Eafterly  Meridian,  could  fee  nothing 
of  the  Emerfion,  but  has  carefully  noted  the  Time  of  the  Beginning 
and  Immerfion,  as  he  obferved  them  at  Berliny  viz.  the  Beginning 
of  the  Eclipfe  at  12  A.  gg'  ss'^  and  the  Immcrfion  at  14  i?.  8'  8": 
Now  by  comparing  fevcral  Obfervations  made  at  both  Places,  we 
have  formerly  concluded  Berlin  to  be  54  Min.  of  Time,  or  13  i 
grad.  of  Longitude  more  Eafterly  than  London  j  wherefore  at  Ldn- 
don  it  began  at  12  b.  5'  55"  and  immerged  at  13  b.  14'  8"  that  is, 
the  beginning  was  later  here  than  at  Jamaica  5  b.  6'  45",  and  the 
Immerfion  later  5  b.  6'  18",  punftually  agreeing  with  whatrefulted 
from  my  own  Obfervation  of  the  End  as  abovefaid  ;  and  fufficiently 
with  whap^I  had  long  fince  determined  fi;om  Obfervations  fent  me 
from  Jamaica  by  my  old  Aftconomical.  Friend  Mr,  Charles 
Boucher. 

XV.  !•]  OHober  t\it  21th.  1724.  being  at  G^wr(>^«  in  Ferftoi  Uttt  ^'1^^ ^ciipfr 
Moon  entered  into  the  dark  Shadow  or  Umbra  of  the  Earth  at  1 1,  saii^af^' 
Minutes  33  Seconds  paft  five,  Ante  Meridiem..  ^^^397!^** 

2.]  Obfervavimus?  hanc,  Echpfim  Xetefcopiis,  altero  quidemrPe- 2.]^»5^/i» 
dum  Parifinorum  8.  fed  clariffinio>  altero  10.'  fed  minus  claro:  u-  |C'^  ^^ 
,  troque  tamen    lunares   maculae  .perfeftiffimc   difcemebantur.    Ad  ,-^^  V  p  p* 
temporis  dimenfioncm  ufi  fumus  Horok^io  ofcillatorio,  fatis  exafto,  N.  B«  Car-  * 
pluribos  ante  diebus  in  ipfo  obfefvationis  loco,  firmato,  &  quotidi-  boneCsTDo- 
ano  examine  per  meridianam  lineam,;  ibidem  a  nobis  jamdiu  inven-  ^^^  CapaC^ 
tarn,  &plur]es  examinatam,  ad  medium  Solis  motum  quam  proxime  ^'  g     3^^* 
Kdufto.     Nofte  vero  ipfius  Eclipfis  ter  illud  ad  tnttinam  revocavi-     '  ^ 
mus,  ut  ejus  a  vero  tempore  difcordiam  deprehenderemus*    Primo  in 
tranfitu  Fomabantis  per  Meridianum,  Hor.  8.  M^.  17.  Stt.  i8«  Se« 
cundo  in  tranfitu  Riget  feu  Pedis  Lucidi  Orionis^  Hon  2.  M.  35.  Sec. 
21.  Tertio  in  tranfitu  ^rii^.  Hor,  4.  M.  7.  Sec.  40.  (Afcenfioiies 
redas  dedu&as  funt  ex  Tabulis  Hirianis. )  Invenimus  autcm  Horo* 
logium  tardius  incedere  fecundis  tantum  7.  quae  J9Jn  addita^  funt  mo« 
memo  Obfervationis  mox  apponendae. 

A  Solis  Occafu  ufque  ad  Mediaip  Nodtem  Nube$  ac  Pluviae  Cce« 
lum  nobis  identidem  adimebant.    Ventus  tamen  fub  horam  i.  illud/ 
nobis  fails  clanui)  ref^ituitst  eoque  ufi  fumus  ad  horam  prope  ter«- 
tiain«.  *  ' 


192 


Edipfesof  the  M9on. 
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Penumbra  incipit  eflfe  fenfibilis 

fit  Tprffior 

fit  fpifitiiitna 
Umbra  incipit 

Difcus  Lnnac  apparet  deficient 
Umbra  perdngic  ad  Ariftarcbum 
Pertingicad  Placonem 
'.  Ariftarcbus  cocus  in  Umbra 
Archytas 
Ariftoceld 
Pkhcas 
Galilaeus 

Umbra  ad  lictusOrientale  Maris  ferenitatis 
EndymioA  immergiiur  cocus 
Copernicus  incipit  immergi 

totus  in  Umbra 
Poffiddiiius  indpit 

totus  latet 
Ricciokis  incipit 
Umbra  pervenit  ad  Grimaldum 
AdLitosBooeaile  Maris  crifium 
Praclo9  immefguBcir 
Nubes  iapervenit,  quse  Lunam  omnino  tegit,  diuque 

videtnr  dtiratura 
Nubcs^difcedic.    Jam  atitem  ex  Umbra  emer(erunt 
>     Grimaldui 

Ritcbtus 

Keplerus  *         »     '       > 

CUBMlaius 
Ariftarchiisi  tmergit 
Copmiicus^iiHripic  emergen  * 

'    totttSiesttraUmbrani  ''  '  ■  •^' 

Fichcos-emcrgic 

Archimedes 
PkM  incipic  emergere 
!  emergie  totaHtef 

Nubecula  itienim  Luntie  aTpefhim  nobisr  Idtmft  ' 
Jam  Luna  reftituitur 
Ariftotelis  totalis  emcflitt 

Nubeculis  identidem  Lunam  occupantibus,   reliqua* 
rum  macularum  emerfiones   exa£te  obfer^ari  He* 


queunt 


Fin  it 
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Eclip/es  of  the  Moon. 

Finis  Eclipfis,  tardius  fortafle  vifus  ob  tcnuem  vajJb- 

rem  interpoficum. 
Definit  Penumbra  fpiflior. 
Definit  Penumbra  fenfibilis. 


Peculiar!  profefto  cura,  ac  ea  qua  fieri  potuit  diligentia,  Eclipfim 
hanc  obfervare  conati  funius ;  non  modo  ut  noftri  muneris  partes 
pro  modulo  noftro  impleremus,  verum  ctiam,  ut  Sereniflimi 
Regis  ingenio  plenius,  ut  par  erat,  indulgeremus.  Valde  enim  Ipfe 
in  hujufmodi  obfcrvationibus  deleftatur,  ad  eafque  perfede  inftitucn- 
das,  copiofam  nobis  Inftrumentorum  fupelledilem,  munificentia  vere 
Regia,  fuppeditavit. 
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r.  V.  poft 

Med.  Noa. 


H.     M.     S. 
3     15    40 


3     32     40 


3     39    40 
3     50    40 


3  54    40 

4  6    10 


Pbafes  Eclipfis. 


Initium  umbras  veras  ( (quantum   fecerni  poteft  a  . 
penumbra)  apparere  nunc  mcipit  in  limbo  Ilunae,^in 
ea  parte  difci,  quam  fecat  radius  a  centro  Lunae  duc- 
tus per  maculam  Ariftarchi. 

Cum  nubes  redderent  difficiliorem  confpeftum  ma- 
cularum,  curavi  definire  quantitatem  diametri  obfcu- 
ratae  ope  Micrometri.  Nunc  igitur  latent  Digiti  3. 
circiter.  Nam portio diametri  AB,  Fig.  loi.ab  umbra 
libera,  eft  partium  14,  qualium  tota  Lunae  diameter 
eft  18  \. 

Serenato  tantifper  coelo,  umbrae  limes  tranfire  vide- 
tur  per  Rheinholdum;  Portio  autem  Diametri  A  fi  ab 
umbra  non  infcfta  eft  partium  Micrometri  i^, 

Umbrse  limes  tanto  fpatio  eft  infra  Grimaldum  (in 
tubo  invertente  objeda  )  quanta  eft  diameter  ejufdem 
maculae  Grimaldi.  Tranut  quoque  limes  umbrae  per 
Eudoxum  &  Ariftotelem. 

A  B  partes  Micrometri  9. 

Umbrae  limes  pervadit  centrum  Maris  Crifium,  & 
ftringit  limbum  maculae  Grimaldi.     Portio  vero  A  B 
limmunis  ab  umbra  asquat  partes  Micrometri  8  \. 
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EcUpfes  of  the  Mootr, 


Sirlus  ad  Meridfanum  appellit  clari(5m^. 

'Jotum  Mare  Crifiuni  jam  latere  incipic,  &  in  urn- 
brx  limite  verfatur  etiatn  centrum  maculae  Grimaldi. 
A  B  til  partium  Micronietri  8. 

A  B  partium  Micrometri  7  f. 

A  B  partium  7  %  circiter.  Totus  Grimaldus  extra. 
umbram,  &  Ricciolus  qyoque  vifitur.  Limes  umbra:: 
tranfit  per  marginem  Maris  Nedtaris. 

Detegitur  Galilaeus. 

A  B  partes  Micrometri  8. 

Ariftarchus  incipit  ex  limite  umbra:  prodire^ 

Centrum  Ariftarchi  exit, 

Totus  Ariftarchus  extra  umbram* 

Centrum  Copernici  exit. 

Totus  Copernicus  extra  umbram^ 

Eratofthenes  exit. 

Helicon  incipit  emergere. 

A  8  partes  Micruiucti  1  12  ^. 

Plato  incipit  emergere. 

Totus  Plato  extra  umbram. 

Plinius  extra  umbram. 

A  B  partes  Micrometri  14,  vel  14^^ 
Quare  digiti  tres  adhuc  latent. 

Prior  limbus  Maris  Ctifium  incipit  prodirc. 

Centrum  Maris  Crifium  extra  umbram. 

Totum  mare  Crifium  extra  umbram.  - 

Finis  umbrje  verse,  quje  exit  e  limbo  Lunae  circa* 
punftum  definitum  per  Diametrum  a  ccntro  dudtairu 
per  Cleomedem. 
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1  ]  AnEclipfe  of 
the  Moon  at 
Albano,2iOa. 
N.  S.  1725.  ^y 
S.  Fr.  Blan- 
chini.  N<*396. 
/.  179. 


H.    M.    5. 


Pbafis. 

I    nil   tmtmm^^^  III  iii|       I  I  I  I 

Horologils  pei;idulo  inftru&is,   &  per  dies  plures  ad. 
meridiem  verum  exa^lia  luebamur. 

Nubibus  parker  orientakra  traftum  obfcurantibus. 
in  Lunas  ingreflu*  in  umbram,    tarn  pertinacicer  au-. 
ftralis  ventus  novas  cogebat,  uc  per  tecum  cempus  im- 
merfionis  integri  gjobi  Lunaris  in  umbram,  vix  ter, 
aut  quater,  idque  raptim,  tubura  opticum  in  cum  dtr 
rigere  datum  fit.. 

Circa 
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56 
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Circa  hoc  tempus  umbra  vidcbatur  ad  centrum 
Lunas  pertingere.  Sed  cum  maculae  diftinfte  definjri 
non  potuerint  breviffimo  illo  fpatio  temporis,  quo 
per  nubium  intervalla  difcus  Lunaris  detegebatur, 
pracise  nofcere  non  valemus  hanc  ipfam  phafin  di- 
gitorum  .  fcx  Lunaris  diametri  obtedorum ,  licet 
pauIo  abludat  a  minuto  15,  pod  horam  fextam  a 
Meridie, 

Totalis  Immcrfio  ad  hoc  circiter  minutum  tem- 
poris referenda  eft,  quantum  fpcdare  licuit  ex  duo- 
bus,  aut  tribus  minutis  horariis,  quibus  Lunam  vi- 
dimus   fatis    diftindte. 

Poft  immerfionem  totalem  difcus  Lunae  apparebat 
ab  Atmofphserae  rerreftris  radiis  refradlis  rubefcens, 
dilution  tamen  colore  in  ea  parte  limbi,  quam  poftre- 
mam  Sol  dcferuerat. 

Indufta  pciftmodum  fcrenitate,  licuit  obfervationes 
emerfionis  pcrficere. 

SubalbicaC'  difcus  Luna:  in  limbo  proxime  illumi- 
nando.  Nonduhi  tamen  lux  diredba  Solis  difcum 
attingiL 

Clarior  adhuc  fit  limbus  Lunas  j  fed  nondum  ex- 
cedit  ab  umbra  vera. 

Nunc  primum  Hmbus  Lunae  incipit  lumen  recupe- 
rate m  parte  circumferential  fita  inter  maculas  Grimal- 
di  &  Galilaei :  quae  maculas  adhuc  latent. 

Limes  illuminadonis  attingit  primum  limbum  Gri- 
maldi. 

Totus  Grimaldus  extra  unJ^ram. 

Galilacus  emergit  ex  umbra. 

Ariftarchus  incipit  cmcreerc. 

Totus  Ariftarchus  emerfit. 

Prior  Copernici  limbus  incipit  illuminari. 

Totus  Copernicus  extra  ombAm. 

Totus  Plato  cmerfit. 

Prior  limbus  Tychonis  incipit  cmergere. 

Totus  Tycho  extra  umbram. 

Subtcnfa  arcus  CAD,  &  CFD  per  Microme- 
trum  explorata  eft  partium  Micrometri  22,  qualium 
Luna&diameter  eft  24  in  tubo  palmorum  undecim  Rom. 
A  B  ver6  eft  partium  12*    (  Fide  Fig.  102. ) 
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Menelaus  25  exit.  ( 25  eft  numcrus  maculae  affig- 
natus  in  Lunae  imagine,  a  Parifienfi  Acadcmia 
edlta.  x' 

Macula  clarior  fica  ante  Pliniam  exit. 

Hermes  ab  umbra  prodit. 

Plinius  emergit. 

Incipit  emergere  Poffidonius  27. 

Maris  CriGum  limbus  prior  emergit^ 

Totum  Mare  Crifium  extra  umbram. 

Langrenus  39  exit. 

Umbrae  extremum  in  limbo  Lunae  adhuc  videtur. 

Finis  umbrae  verae^ 


2]AnEcnpfeof  The  cloudy  Weather  here  prevented  us  from  feeing  the  Bc- 
tbe  Moon  Oft.  ginning  of  the  Eclipfe,  and  of  total  Darknefs  5  but  I  obferved, 
Brifton^  ^'  pretty  exadlly,  the  firft  Appearance  of  Light,  after  the  total  Dark- 
Jer.  Bur-"'      "^^s,  and  the  End  of  the  Eclipfe ;  and  their  refpeftivc  Times  arc  as 

roughs  Efq;     followS^I^/z. 
N^  392.^.37. 


Beginning  of  Light 
End  of  the  Eclipfe 


H. 

7 
8 


31 
29 


2  o  i  appa^^tTimc. 


Some  fmall  Time  before  the  renewal  of  true  Light,  there  appear- 
ed* a  remarkable  Brtghtnefs  upon  the  Eaftem  Limb  of  the  Moon, 
which  was  alfo  diffufed  about  the  Edge  of  the  Moon,  to  a  fenfible 
diftance  from  her,  I  would  have  meafur*d.it  had  I  proper  inftruments. 
If  others,  who  are  more  (kill'd  in  thefe  Affairs,  have  made  the  like 
Obfervation,  I  Ihall  00  longer  doubt  of  the  Moon's  having  anf'At- 
mofphere. 
XVIL 
^]^»Ec/iffic/     Sub  mediam  no6lem  nubes  difpergi  vifae    lunt  atcjue  *  horaf  fe- 
^lothNS^^'  ^^"^^  occidentalis  plaga  ad  quam  Luna  vergebat,  nitidiflrma  ap- 
1726.  tf/Lif-  paruit,  eademque  ad  finerti  Eclipfeos  permanfit,  nuUo  igicur  aeris 
incommodo  Obfcrvationem  banc  habui  ^  nee  quidquam  praBtcrmifi, 
quod  ejus  re<a'itudini  favere  quoque-  modo  intelh'gerem.     Telefcopo 
ufus    fum   pedum   8  Parifinorum,    quod    micrometro    mftruxeram 
accuratiffime  elaborato. 

Ad  Temporis  vero  dimenfionem  horologio  ufus  fum,  pendulo  in- 
ftrufto ;  cujus  tanta  aequalitas  motus,  ut  dierum  intervallo  decern, 
&  oifto,  vix  uno,  aut  akero:  fccundo  a  Medio  Solis  motu  difcrepaflc. 
deprehenderim.. 


bon  by  F.  J. 
Bap.  Carbon 
N'^  400.  p. 


Macularun 


.  Eclipfesof  the  Moon. 

Macularum  nomina  ex  Sclenographia  P.  Grimaldi  excepta  funt, 
quam  P.  Ricciolus  fuo  Alnriagefto  novo  inferuitt  ac  nominibus  loqu* 
pletavic.  In  eorum  vero  commoduni»  qui  Hevelianam  fequuntur  No- 
menclaturam,  fynonymas  quoque  voces,  ex  hoc  AuAore  defumpcas, 
apponam,  praspofira  litera  H,  quse  Hevelium  fignificac 
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c     Incipit  penumbra  feofibUis  limbum  Lunae  ad  Euro- 
I  Auftrum  inficere. 

Spiffior  apparet. 
Spiffiffima. 

c     Umbra  Tcrrae,  quantum  difcerni  poteft,.  ad  eun- 
ddem  limbum.  percingic. 

Schickardus  in  Umbra. 

I.  Digitus  obumbratur. 
Umbra  ad  Kriftmannum. 

Immergitur  totus. 

{Merfennus  latet :  Littus  Orientale  Maris  Hu mo- 
rum  incipit  obumbrari  t  H.  Sinus  Sirbonls. 

II.  Digitl  latent. 
Capuanus  immergitur^ 

Ad  Grimaldum  pervenit  Umbra  :  H.  Pal.  Mareotis. 
Gaflfendus  incipit  obumbrari. 
Incipit  Tycho :  H.  Mons  Sinai.  Grimaldus  latet. 
Tycljbriis  medium  tenet  Umbra. 

III.  DigitiiTydio  totus  immergitur. 

Morinus:  H.  Caflkis.  

BuUialdus:  H.  Infula  Creta.  *      .  ,  . 

*  Prophatius  incipit  obumbrari. 

IV.  Digiti.  :  ^ 
Prophatius  later. 

V.  Digiti. 

c     Umbra  tantum   non-  attingit.  Galilsrum,  quem 
c propter  diutiffime  verfatur. 

Ad  Snellium^  &  Furnerium  pervenit  Umbra. 

AdFracaftorium.  Snellius  &  Furnerius  latent.. 

Fracaftorius  totus  in  Umbra. 

VI.  Digiti. 

Sinum  aeftuum  tan^it  Umbra :  H.  Mare  Adriaticum' 
Medium  Vendelini. 

Totum  Mare  Nedaris  in  Umbra :  HL  Sinu&extremus. 
Grimaldus  incipit  emergere. 

Ricciolus 
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Ricciolus  extra  Umbram.  " 

Grimaldus  totus. 

Umbra  ad  Langrenum. 

Gaflendus  reftituitur. 
V.  Digitideficiunt. 

BuIIialdus  incTpit  cmergercJ ' 
Totus  extra  Umbram, 

Kriftmannus  incipic 

Item  Schickardus. 
IV.  Digiti.  Totus  Schickardus.^ 

Pitatus  totus. 
III.  Digiti. 

Tycho  incipit  emergere. 

Tychonis  medium  extra  Umbram. 

Tycho  totus  emergit. 

Fracaftorius  totus. 
II.  Digiti. 

Snellius.emei^ft. 
I.    Digitus  tantum  later. 

Fumerius  extra  Umbram. 
c     Extremus  limbus  Lunas,  qui  ad  Africum  fpetfUt 
1  videtur  proxime  emerfurus. 

C     Jam  LunsB  difcus  integer  appaiet,  ac  proinde  Fi- 
cnis  Eciipfeos. 

^     Adhuc  denfiori  penumbra  prasdidus  limbus  ia- 
c£k:i€ur. 

c     Definic  penumbra  fenii  bills,  fuseque  Luna  claritaci 
lomnino  reitituta  apparet. 


c     Ex  obfervatis  Initio,  ac  Fine  Eciipfeos  colligitur 
lejus  Duratia 

Medium,  feu  Maxima  obfcuratio. 
c     Quantitas  Micrometro  diligenter  inveftigata.  Dig. 
v6.  min*  la". 


Imduoi 
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'^Initium  verae  Umbrae  prox.  Nod. 
Grixnaldum. 
Ariftarchum. 

Kepkrum. 

Mare  Humorum^ 

GaJKndufD. 

Sinum  Irid.  &  Morinum* 

Copernicum. 

Bullialdum. 

Eratofthcncm. 

PJatonem. 
„     Tychonem 
-g  ^  Aratum,  toto  Tych.  obce&o. 

Manilium. 

Menelaum. 

S.  Dionyfium. 

Plinium. 

Poflklonrain.. 

S.  Catfaarinam. 

S.  Theophil  &  Cenforinumv 

Paludem  SomnL 

Proclum. 

Goclcniunit  &  littm  orient.  Maris  Cri£ 

Lit.  Occid  extremum  Mar.  Crif. 
^Langfcmun. 

Immerfio  totadti  prope  Nod  Occid. 

Receptio  i»-  Lucisad  Nod  Orient.. 

Emergtt  Griixialdi  margo  Orient. 
^Ejufdem  margo  Occidmt. 

Artftarchos. 

Keplerus. 

Uctufl  Orient  Maris  Homomm;. 

Grtfiimdus.. 

Plato.  i 

Timocharei. 

Tycho  toaa&: 

Sinus  sftuum  totus. 

Manilius. 

Menelaus.. 

Foi&donius»  &  Endymion* 


2]  The  fame 
at  Pekin,  by 
F.  Ignat. 

N».  405.  p, 
554. 
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Plinius. 
Cenforinus. 
Palus  Somni. 
Littus  Or.  Maris  CriC 
Littus  Occid.  extrcmum, 
^Ljlngrenus. 
Finis  Eclipfis. 


Horologium  erat  correftum  per  Culminationes  Palilicii  &  aliquot 
Scellarum  Orionis.  Diamecer  Lunas  apparens  immediate  ante,  & 
poft  Eclipfim  dimenfa  :  32'  30^'  proxime. 


3]  The  fame 
nt  Padua,  by 
S.  J.  Polcni. 
NO.  395./. 
158. 


Temp,  /ippar. 

H. 

f 

g 

16 

16 

44 

18 

54 

21 

19 

31 

35 

35 

47 

38 

34 

50 

40 

17 

3 

41 

7 

45 

15 

56 

25 

53 

39 

6 

46 

54 

53 

18 

5 

44 

Pbafes. 


Penumbra  diluta. 

Penumbra  denfion 

Umbra  ad  Lunas  limbum. 

Attingit  Mare  Humorum. 

Attingit  Grimaldum. 

Diftat  a  Tychone  diametro  Tychonis  ipfius,  &  Gri- 

maldutn  tegit  tercia  ejufdem  Grimaldi  parte. 
Fere  attingit  Pitatum. 
Lansbergium  tegit. 
Attingit  Reinholdum. 
Attingit  Fracaftorium,  &c  Galilasum. 
Attingit  Mare  Foecunditatis. 
Umbra  proxima  efl:  ad  Reinholdum,  tegitque  partem 

tertiam  Maris  Foecunditatis, 
Grimaldus  emergit.  1 

Grimaldus  jam  diftabat  ab  umbra  diabetro  majore 

fui  integra. 
GaiTendus  totus  modo  extra  umbram.  Mare  Fcecundi** 

tatis  dimidia  circiter  parte  dete£tum,  inter  dehifben*- 

tcs  nubes  videbantur. 
Quas  nubes  ad  Finitorem  deinde  coada&  occiduam 

Coeli  partem  penitus  obumbravbe;  neque  Luna 

pofterius  apparuit. 
Hac  Obfervatio  Tubo  optica  optima  n9ta  longo  pedes  Pa^ 

riftcnfes  feptem  babitafiUt. 


Eclipfes  cf  the  Moon. 
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Thefe  Obfervations  were  made  by  a  nine  Foot  Glafs;  The  Curious 
Oblcrvcr  having  adjufted  a  monthly  Pendulum  Clock  by  a  Meri- 
dian Line  on  the  30th  of  Januarj^  and  further  corrected  it  by  the 
Meridian,  February  the 6th  1728-9. 
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Penumbra  obferved. 

Moon's  'Limb  immersed. 

Eaftem  Limit  of  Pahis  Mareotis  immei^ed* 

Mons  Climax,  immerged. 

Mons  Porph]^rites  immerged. 

Infula  Metis  immei^ed. 

Mons  ^ma  immerged. 

Inf.  Sardinia  immerged. 

Inf.  Rhodus  immerged. 

Inf.  Corfica  immerged. 

Mons  Sinai's  Eaftem  Limit  immerged. 

Mons  Sinai  totally  immerged. 

Inf.  Besbicus,  Eanern  Limit  immerged. 

Mons  Horminius  immerged. 

Promontorkim  Acherufium  immerged. 

Mare  Cafpium,  Eaftem  Limit  immerged. 

Palus  Maeotis,  Eaftern  Limit  immerged. 

Palus  Macods,  totally  immerged. 

Moon  totally  immerged. 

Moon's  Eaftem  Limb  emerged  near  Mons  Acabe. 

Palus  Mareotis  emerged. 

Mons  Climax,  emerged. 

Mons  Pori)hyrites  emerged. 

Mons  Sinai  emeiiged. 

Mons  SLxnz  emeiged. 

Inf.  Besbicus  emerged. 

Mare  Cafpium,  Eaftem  Limit  emerged. 

Palus  Masotis  emerged. 

A  Penumbra  obferved,  the  Moon's  Limb  emergmg; 

The  Limb  evidently  emerged. 

From  the  Spinning  to  the  End  of  theEclipfe  3^*,  44'. 
Totally  Eclipfed 1^  38'  15^ 
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H. 

t 

II 

7 

44 
46 
48 

22 

16 

8 

54 

54 

20 
46 

55 

10 

8 

II 

57 

13 
13 

7 
48 

19 

0 

20 

50 

23 

0 

25 
31 

44 
6 

33 

I 

34 

4» 

36 

29 

I 

39 

44 

43 

17 

Immerfiones, 


Inicium  Eclipfis. 

Grimaldi. 

Kepleri. 

Copernici 


Tychonis 

Manilii. 
Menelal. 
Dionyfii. 
Plinii. 


^  Initium. 
^  Medium. 
C  Finis. 
r-  Inicium. 
^  Medium. 
c.  Finis. 


Maris  tranquiUitads  ^l^^ 

c  Inicium. 
dFinis. 

f  Inicium. 
Finis, 
Lunae  cocalis  Immerfio. 


Procli 

Maris  Crifium 


JVmp.  Ver. 


10  21 


II 


38 
23  37 


24 
25 


4 
9 


34  39 
36   8 

41  II 

42  5 

47  10 

48  14 

54  33 

54  57 

57  54 

2   5 

33 

15 


14  36 

16  7 
10  20 

17  36 


EmerJioneS' 


Primi  Limbi  Lunaris. 
Riccioli. 


Grimaldi 
Ariftarchi 
Tychonis 
Hcliconis 

PlaConis 

Ariftocelis, 
xMenelai. 

Maris  Serenitacis 

Toffidonii. 
Cieomedis. 

Maris  Crifium. 


f  Inicium. 
Finis, 
clniciunx 
i  Finis, 
c  Inicium: 
i  Finis. 
5  Initium. 
^  Finis; 
SIniciumc 
^Finis.^ 


jMediutn» 
c  Finis. 


cMedii. 
dTocius. 


Finis  EcHpfis  1  t^  20'  41^. 


Eodem 


Eclipfes  of  the  Moon. 
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Eodem  die  diftantia  meridiana  Centri  folaris  a  vertice  non  correda 
per  Refraftionem  obfervata  eft  S5^  9'  3^^  ^^  Gnomone,  cujusmeri- 
dianam  Eclipfis  folaris  in  pavimentum  projedla  pertranfiit  tempore 
2'  15^,  &  diameter  apparens  folis  micrometri  partes  2945  intercepit, 
quarum  Luna  pauIo  ante  Eclipfim  obfervata  interccpit  2903. 

Obfervationes  habitse  func  Tubo  optico  pedum  Romanorum  8  ^. 


Tempas. 


H.      ' 

iT 

7       I 

0 

7   3 

0 

7   3 

0 

7   8 

50 

14 

0 

15 

4 

16 

44 

18 

4 

«9 

20 

22 

0 

22 

40 

23 

43 

25 

15 

27 

2 

31 

50 

33 

8 

33 

30 

33 

47 

38 

7 

39 

20 

41 

45 

42 

35 

•t5 

22 

49 

47 

50 

30 

51 

24 

54 

30 

55 

16 

56 

17 

58 

56 

59 

0 

8   2 

0 

Pbafes. 


3]  The  /ami 
at  Paris.  N**/ 
410./.  171. 


Penumbra  denfa. 

Penumbra  denfiflima. 

Eclipfis  initium  ex  aliis  phafibus  dedudum. 

Galilaeus  obtegitur. 

Umbra  ad  Ariftarchum. 

Ariftarchus  totus  in  umbra, 

Keplerus  obtegitur  totus. 

Umbra  ad  Gaflendum. 

Schickardus  teftus  omnind. 

Umbra  ad  Reinholdum. 

Adlimbum  Copemici. 

Eratofthenes  obtedus. 

Copernicus  totus  in  umbra. 

Helicon  totus. 

Umbra  ad  limbum  Tychonis. 

Tycho  dimidius  in  umbra. 

Ad  limbum  praecedentem  Platonis. 

Plato  in  umbr^  totus. 

PlA  prsecedentcm  limbum  Manilii. 

Manilius  totus. 

Umbra  pervenit  ad  Menelaum. 

Ad  Menelai  dimidium, 

Ad   PlwMwfn. 

Ad  praecedentem  Fracaftorii  limbum. 

Ad  rromontorium  acutum. 

Umbra  tegit  Fracaftorium. 

Pertingit  ad  Proclum. 

Proclum  tegit  totum. 

Ad  limbum  maris  Cafpii. 

Ad  dimidium. 

Ad  limbum  Cafpii  (equentem. 

Finis  dubius. 

Finis  certus. 

D  d  2 


Fmer- 
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Eclipfes  of  the  Moon. 


3'empus.       I 


Emerfionti. 


H.     ' 

// 

9    41 

18  Etnerfionb  inidutn. 

41 

33 

Grimaldus  incipic. 

45 

40 

Grimaldus  emcrgit  totus. 

49 

35 

Galilaeus. 

51 

30 

Schickardus. 

54 

34 

Capuanus. 

55 

16 

Ariftarchus  incipit. 

56 

5 

Totus  extra  Umbram. 

58 

35 

Keplerus  totus. 

5 

10      0 

30 

Primus  Tychonis  limbus. 

I 

30 

Dimidius  Tycho  extra  umbram. 

2 

30 

Emergit  totus. 

3 
5 

40 
19 

Lansbergius  &  Reinholdus^ 
Incipit  Copernicus. 

6 

43 

Cojirnicus  totus. 

s               If' 

7 

33 

Emergit  Eratofthenes; 

f 

8 

0 

Totus  Helicon. 

1                                            T  • 

12 

56 

Plato  incipit. 

14 

15 

Totus  extra  Umbrana. 

r    ■ 

20 

35 

Manilius  incipit.                        ; 

21 

28 

Totus  emergit. 

*                          ■ 

23 

50 

Menelaus.                                  4 

:                \  i 

27 

25 

Plinius.                                       ; 

30 

19 

Dionyfius. 

31 

0 

Promontorium  acutum. 

36 

15 

Proclus. 

37 

26 

Cncipit  Mare  Cafptum. 

41 

24 

Finis  dubius. 

42 

0 

Finis  certus. 

. 

4]  At  Padua 
^  Signar  J, 
?oleni  N«. 
i^lQ.f.  173. 


Temp^ppar. 

P.    M. 

H. 

r 

XT 

7 

44 

40 

7 

45 

40 

7 

50 

53 

7 

53 

26 

8 

19 

34 

1  ' 

38 

10 

Tubo  optima^  pedes  Pariftenfesfeptemlongo^  confpe£l€t* 

Obfenrationem  Initii  Defeftus  nubes  dcnfe  impcdivcrc* 

Umbra  attingit  Grimaldum. 

Grimaldufn  tegit  totuni; 

Attingit  Mare  Humorunr. 

Tegit  Maris  Htimorum  dimidiam  partem^ 

Coopcrit  totumMare  Crifiuok 


*;i 


^ 

k 


jl^r 


H. 


26 


10 

15 

6 

10 

26 

45 

10 

31 

40 

10 

38 

45 

10 

50 

12 

II 

13 

27 

II 

19 

45 

II 

20 

56 

EcUpfes  of  the  Moon. 

fPcr  dehifcentes  nubes  Luna  admodum  rubicunda^ 
obfervari  potcrat  pcrfpicue  adeo,  ut  non  memi- 
nerim  alias  in  totali  immerfione  tarn  clare  Lunam 
1     apparuifle ;  quod  ita  fortafle  vifum  eft  ob  atram 

I     obfcuritatem,    quam  circumpoficae  denfs  nubes 

L     efficiebant. 

Umbra  dilui  incipic  e  rcgione  proximae  emerfionis. 
cGrimaldus,  jam  emerfus,  ab  umbra  diftat  tola  fere 
d     fua  tranfverfa  diametro. 
Dimidium  Mare  Humorum  difcoopertum. 
Tycho  totus  cmergit. 
Apparet  Eratofthenes. 
Promontorium  Somnii  totum  difcoopertum; 
Luna  infici  videtur  fola  penumbra. 
Finis  etiam  penumbrae. 


205 


temfui 

• 

H.  ' 

H 

0   I 

3« 

0   3 

45 

0   6 

0 

0  II 

0 

0  54 

0 

0  57 

0 

I   I 

0 

2  40 

30 

1     43 

30 

2  45 

0 

2  49 

0 

4  54 

45 

2  5S 

30 

3   ' 

30 

3   4 

0 

3   8 

1 

30 

Pbafcs. 


Inicium  fub  Grimaldo  Mane  d.  9  Aug.  N.S. 

^  Galiteumi 
Umbra  tangic      ^  Ariftarchum.. 
cKeplerum.. 

Foftea  nubes  condunt  Lunam^. 


Tiegicur  mare  Crifium  dimidium. 

M.  Crj&m  tocum* 
Immerfia  totalis. 
Emerfio. 

"Galilaeus. 


Ariftarchus^ 
Keplcrus. 
Emcrgcre  mcipit  \  Copernicus^ 

I  Plato. 
Timocharis^ 
.  t.Manilius. 

Emergit  totus  Tycho.. 


:  i 


.i\ 


XIX. 

.  i]  An  Eclipfe 
of  the  Moon, 
July  zf)tb, 
1729.  at  Wir- 
tembcrg,  by 
J.  Wcidlcr. 
N«.  410.  f; 
174* 


Emergere 


2o6 


2J]  Tbe/ame 
at  Padua,  by 
Sign.  J. Poknl 
N^'.  410./. 
176. 


H. 


3 

10 

30 

3 

13 

0 

3 

18 

0 

3 

23 

30 

3 

29 

0 

3 

31 

30 

3 

34 

30 

3 

40 

0 

Eclipfes  of  the  Moon. 


'  c  Menelaus. 

Emergcre  incipit  <  Plinius. 

^  Cleomedes. 

M.  Crifium  &  una  M.  Neftaris. 
M.  Ncftaris  totum  emergit, 
M.  Crifium  totum  emergit. 
Incipit  emergere  Langrenus. 
Finis. 

Exeunte  umbra  inter  Langrenum  &  Petavium. 


Temp.Appar. 


H.   ' 

0 

0   0 

28 

13 

55 

15 

49 

22 

24 

24 

14 

28 

40 

30 

15 

33 

2 

34 

22 

49 

10 

54 

56 

58 

48 

2  27 

38 

41 

20 

3   4 

15 

6 

16 

7 

28 

10 

30 

13 

58 

21 

48 

23 

10 

25 

28 

29 

0 

33 

20 

38 

8 

Pbafes. 


Initium  umbrae  ad  Lunae  Limbum. 

Umbra  tangit  Copernicum. 

Hunc  totum  tegiL 

Attingit  Tychonem. 

Totum  Tychonem  cooperit. 

Attingit  Manilium. 

Hunc  totum  cooperit. 

Mcnelaum  tangit. 

Menelaum  omnino  cooperit. 

Attingit  Mare  Crifium.  ' 

Mare  Crifium  totum  cooperit. 

Totalis  Immerfio. 

Lux  in  Lunae  margine. 

Grimaldus  extra  umbram. 

Mare  Serenitatis  emergere  coepit; 

Tycho  totus  emergit. 

Manilius  totus  difcoopertus. 

Menelaus  extra  umbram. 

Mare  Serenitatis  totum  emerfit. 

Promontorium  Somnii  jam  extra  umbram. 

Mare  Crifium  incipit  emergere. 

c  Totum  Mare  Ncftaris  extra  umbram,  &  dimidium 

i     Mare  Crifium. 

Mare  Crifium  integrum  apparet. 

Langrenus  extra  umbram. 

Finis  Emerfionis  ab  omni  etiam  penumbra. 


Temp. 


Eclip/es  of  the  Moon, 


Temp,  Ver. 


H. 
II 

12 


12 
14 


15 


56 
II 

12 


20 
21 

23 
24 
25 
25 
27 
29 
32 

35 
38 
39 
44 
45 
46 


52 
53 
55 
34 
37 
38 
38 
29 
44 
48 
49 
50 
52 

55 
I 
2 

■3 
4 


52 
33 

5^ 


Phafes. 


-i^    46 


Eclipfis  certe  incepta. 
Initium  Copernici. 
c  Centrum  Copernici, 
i     2'  citi&s. 
C  Initium  Tychonis, 
i     citiils. 
Medium  Tychonis. 
Totum  Tychonjm. 
4}  jinitium  Platonis. 


54 
43 


42 

23 

55 

35 

35 

7 
o 

49 
26 

16 

42 

59 


fed  ex  altera   Determinatione 
fed  ex  altera  Determinat.  2' 
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3}  ^t  Bono- 
nw  ij  Sign. 
Eaftachio 
Manfredi. 

215. 


49  47 


19 
6 

54 

25 

30 

20 

28 

45 

47 

33 

37 

42 

47 

32 

56 

36 

50 

50 


Medium  Platonis.  ^ 

Totum  Platonem/ 

Infula  in  Sinu  medio. 

Totum  Manilium. 

Totum  Ariftotelem. 

Totum  Menelaum. 

Totum  Plinium. 

Promontorium  fomni. 

Promontorium  Acutum. 

Totum  Fracaftorium, 

Totum  Proclum. 

Initium  Maris  Crifium. 

^Medium  Maris  Crifium,  fed  ex  altera  Determinat* 

c     4^  citius.  ' 

Totum  Marc  Crifium* 

Totum  Petavium. 

Totalis  Immerfio  Lunse* 

Initium  Emerfionis  dub« 

Initium  Grimaldj» 

Totum  Galilasum, 

Totum  Grimaldum.. 

Totum  Ariftarchum.. 

Totum  Keplerum. 

Initium  Platonis, 

Medium  Platonis. 

Totum  Platonem. 

Totum  Copcrnicum. 

Totum  Bullialdum. 

Initium  Tychonis. 

Medium  Tychonis. 

Toftonr Tycnoficmi .         *  •    --'^^     "*   .      ., _^ 

Totum  Manilium, 


I 


7r   47  Totum 
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H. 

15 


Eclipfesof  the  Mton* 


7 
II 
II 

18 
20 

20 

35 


47 

2 

Z7 
53 
30 
59 
34 
00 


Totum  Menelaum; 
Tocum  Dionyfium. 
Totum  Plinium. 
Protnontorium  acutum. 
Inicium  Maris  Crifium. 
Totum  Proclum. 
Medium  Maris  Crifium. 
Finis  EclipHs. 


4]  ^/  Rome. 

Tempui. 

Jmmerjiones. 

N'.4,i./, 

217. 

H.      ' 

/If 

• 

12       I 

0 

Umbra  ad  >  limbum. 

7 

49 

^  Inirium. 

9 

4 

Kepleri 

^  Medium. 

9 

50 

C  Finis. 

15 

0 

^  Inicium. 

16 

26 

Copernici 

3  Medium. 

17 

0 

^  Finis. 

17 

II 

^  Initium. 

17 

27 

Heraclidis 

^  Medium. 

17 

40 

C  Finis. 

22 

26 

^  Initium. 

22 

41 

Heliconis 

S  Medium. 

23 

7 

^  Finis. 

23 

50 

^  Inicium. 
^  Medium, 
c  Finis. 

24 
25 

41 

25 

Tychonis 

28 

43 

C  Initium. 

29 

14 

Platonis 

<  Medium. 

29 

50 

c- Finis. 

31 

5 

^  Inicium. 

32 

0 

Manilij 

<  Medium. 

32 

45 

^Finis. 

35 

4 

r  Initium. 

35 

45 

Menelai 

<  Medium. 

36 

8 

^  Finis. 

51 

37 

r  Initium. 

54 

10 

Maris  CriCuir 

I  <  Medilim. 

56 

8 

d  Finis      ^ 

"^ 

13    0 

i6 

Totalis  Immerfio. 

r 


i: 


Timpuu 


Eclipfes  of  the  Moon. 


H.       ' 

# 

Emirfiones. 

14    38 

24 

Lux  ad  Luna*  litnbum 

43 

24 

Grimildi  Finis 

44 

34 

Kcpkri  Finis 

46 

M 

^Initium> 

46 

54 

deraclidis, 

^  Medium. 

47 

24 

C  Finis. 

49 

10 

C  Initium. 
<  Medium. 
C  Finis. 

50 

4 

Heliconis, 

50 

44 

*■ 

5i 

24 

r-  Initium. 

52 

9  Platonis, 

^  Medium. 

52 

44 

c  Finis. 

15       7 

5 

c  Initium. 

7 

»3 

Tychonis, 

<  Medium. 

8 

18 

c  Finis. 

26 

39 

c  Initium. 
\y<  Medium. 
C  Finis. 

10. 

28 

38 

Maris  Crifiunn 

31 

51 

Totalis  cmerf 

3» 

0 
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Obfcnrationes  habitae  funt  telefcopio  pedum  Romanorum  9,  aere 
innubi  fed  vaporofo.  Diameter  Lunse  horizontalis  capa  15  b.  46^ 
intercipiebat  micrometri  partes  2934,  quanim  verticalis  Lunse  dia- 
ler comprehendebat  28^7,  at  Solis  diameter  die  prsecedenti  vifa  eft 
Gccopare  partes  2830. 


H. 

9 

» 

13 

0 

16 

Tempus  Immerfionis  totalis. 

14 

38 

24 

Tempus  Emcrfionis  primae. 

t 

38 

8 

M(Mu  in  tenebris. 

* 

3 

37 

0 

Duratio  EcIipHs. 

SoIis  Meridiani  refradione  omifla,  tangentes^     .       n..  r-  48190 
Gnomone,  cujus  aperturae  horizontalis  dia-N^  Augulti^  47040 


m 
meter 


70 


I 00000 


AuguftiS 


48801 
4773 « 


E  e 


2IO 


EoUpfes  of  the  Moon. 


XIX.  I  took  care  to  regulate  a  very  gopd  Clock,  and  hrdughc  k  to  true 

ol^r  iS  "^'^^^  ^"^^"^  '^  ^^y^  ^^^^^  ^^^  Kclipfe.     On  the  Da<y  k  happenedv 

4/  Barbadocs,  ^  ^^^  ^^^  ^un  fet,  and  found  the  Clock  right  according  to  the  mcaii 

^^Afr.Ste-  Time,  rcfradlion  allowed.     At  the  Beginning  of  the  EcUpfe,  tlie 

vcnfon.  N«  Moon  was  clouded. 
416./.  441. 


Appar.  Time. 


H. 

t 

/r 

7 

18 

0 

8 

II 

0 

9 

51 

0 

10 

50 

0 

Chafes., 


2  Digits,  about  g'o**  tfothe  left  of  her  I^idir  Point. 
cShe  totally  imnierged  into  the  Earth^s  Shadow,  a- 
i     bout  30"  to  the  right  of  her  vertical  Point. 
rShe  emerged,  79"^  or  80^  to  the  left  of  her  Nadir 
i     Point. 

cThe  Eclipfe  ended,  6S^  to  the  right  jof  her  vertical 
1     Point. 

!    '  y^'  ■    'i'.'   II i      I    I  ii    I    * 


In  this  and  all  the  other  Obfervations  of  Solar  and  liunar  Eclipfes 
I  have  made  for  feveral  Years  in  Barba^s^  I  foune  they  always 
h^pprnpfl  IP  Minnrrs  Jooner  than  my  Computation  ;  whence  I  cun^ 
elude  Barbadoes  lies  2®  30*.  more  wefterly,  than  is,generally  fuppoftd. 


I    <■    y 


XX. 

Horol  Ci 

irr, 

An  Eclipfe  of 

the  Moon  h\x%^ 

H. 

0 

1 

19,  1728.  N. 

S.  at  Pekin. 

N*.4i4.^. 

S68. 

10 

54 

0 

II 

2 

0 

• 

1-3.. 

0, 

14 

30 

15 

20 

16 

50 

22 

20 

23 

20 

26 

30 

27 

30 

31 

30 

36 

20 

38 

15 

Phaf^si 


Non  multo  ante  Eclipfim,  dimenfa  difimeter^  Lune 

erat  30^  50^. 
c  Penumbra  jam   inficiqbat  pairtes  Lupje  prirao  in- 
c     umbrandas.  .      , 

Initium  Eclipfis  paulo  irtfra  Ckoffrati^v. 

Umbo,  attin^t -A  riftanchum. — \ \ : 

Obtexit  totum. 

Attin^k  Platonem. 

Obtexit  totum. 

Attingit  Galileum  &  Timocharimw 

Pytheam. 

Keplerum. 

Ariftyllum. 

Hevelium,  Copernicum,  &  Endymionem  fere  funul. 

Ricciolum. 

Poffidonium;, 

Grimaldum 


EtUpfes  of  the  Moon, 


zit 


H.  ' 

;II      40 

43 
47 

57 
12   o 


2. 

4 
6 

16 
21 

25 
31 


36 

43 

46 

52 

I 

2 

5 

10 
II 

15 
ao 
22 


13 


25 
29 

3a 
33 
34 
38 
14   o 


Grimaldum,  &  Mercuriuiju 

Manilium. 

Menelaum. 

Plinium,  &  Geminum. 

Umbra  ad  centrum  Lunas,  obtefto  Grimaldo  toto. 

Attingit  Mare  Crifium  oGrimaldi     apicc     auftrali 

Ariad^um  >    haerente   ad    marginem 

Procfum  3    un[ibr«, 

Culminante  Luna^refta  per  medium  Tychonem  tendens 

inter  Munofium,    &  Prophatium  ad  X^opemicum 

coiticidit  cum  piano  Me^idiani. 

^^  Umbr^  attinffit  Promoptorium  acutum^*^ 

^0  CJenfonnum  «  Taruntiums 

Mare  Crifium  totum  obtedum, 


10 

40 

40 

o 

o 

20 

40 

o 

o 


30 


^  J  Tmbra  attingit  &  Tbeophikim, 


30 
30 
15 

o 


o 
o 
o 

30 

o 
o 
o 
o 
o 

30 

o 

o 

20 

o 

30 

o 
o 
o 
o 
o 


\ 


Lente  admo- 
dum  emer- 
gente  Gri- 
maldo. 


>integre  dttefti* 


S.  Cyrillum, 

Langrenum,     Grimaldo  integre  emerfo, 

S.  Catharinam,  Ricciolo  totb  retefto. 

Circa  mediuni  Eclipfis  micrometro  dimenfa  quantitais 

obfcurationis  erat  Simce  digit.  6\  ferme,  fi^e  more 

Europxo  d^z.  7  j;. 
Emerfit  Hevelius  totus. 

Umbra  ad  Fracaftorium.  , 

Galileos 
Lansbergius 
Keplerus 
Ariftarchus 

Copernicus  incipit  emergprj^. 
Totus  detegitun 

Margoiimbrae  per  centrum  Lunae. 
Pytheas  emerfit. 

Eratofthcnes  &  S.  Cyrillus  dfetcai. 
Timocharis  &  S.  Thcpphilus  dctcdi. 
Ariadacus    \ 
Manilios      I 

Ariftylfus    ^intqgre  Q^ierferunt. 
Plato  I 

Cenforinus  J 
Prbmontorium  acutum. 
Plinius  &  Langrenus  int^re  detedi. 
Finis  Eclipfis  proxime  Berofum. 
In  fine  Eclipfis  diameter  Lunae  inventa  eft  30'  38^ 


E  e  2 


Durante 
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Eclipfes  of  the  Moon. 


Durance  Eclipfi  fspius  addenfati  vapores  turbabant  (aciem  Lunae, 
ut  ejus  maculaBf  &  umbras  margo  non  fatis  diftinfte  poflfenc  difcerni  ^ 
maxime  id  accidie  ante,  &  circa  finem  Eclipfis. 

XXI.         Tota  ilia  node  continenter  modice  ningebat,  ccelo  tamen  fie  te- 

ATotalEctipfe  nuiter  nubilato,  ut  Lunares  maculs  facpius  utcungue  diftingui  pof- 

rf  the  Mom    fent;  quanquam  rarius  ac  difficilius  tempore  immerUonis :  Subemer* 

Feb.  14/^.     fionem  ehim  paulatim  ccelum  ferenatum  fiiir,  ut  circa  finem  jam  pc- 
1729.  N.S.  at  .:^._  : ^^  l..:n. .  •*        ^ 


Pckin. 
416./- 


460. 


nitus  innube  exifteret. 

Horologium  correftum  fuit  per  altitudines  Arfturi  &  Aquilas, 
item  ex  cuiminante  Spica  Virgxnis  ac  Lance  borea  Libra.  Diameter 
Lunae  initio  eclipfis  micrometro  dimenfa,  erat  32'  o''.  Erantque  in 
linea  vcrticali  cum  centro  Lunae  Pythagoras  &  Helicon. 


Temf.  A.  M. 

fbafei. 

H.      ' 

» 

2      38 

30 

Inidum  eclipfis  ccmtra  Hevelium. 

41 

0 

rGrimaldum, 

42 

30 

Qui  totus  immerfit. 

43 

0 

Galileum. 

47 

0 

Ariftarchum. 

48 
50 

30 
0 

Umb.ad 

< 

Keplerum. 
Gaflendum. 

58 

0 

Copernicum. 

3      3 

30 

Sinum  seftuum  orientaliorem* 

9 

0 

Tychonem.    . 

17 

30 

Menelaum. 

24 

3» 

Poifidonius  totus  in  Umbra* 

26 

0 

^Fracaftorium. 

3t 
32 

0 
0 

Umb.ad 

NProchirri. 
^Mare  Crifium. 

35 

30 

v-Lansrenum, 

Immerfio  totalis  interl-angrenuito. 

39 

0 

&  mare  Crifium. 

5    17 

10 

Emerfio  prima  lucis  iofi^  Grimaldum. 

21 

0 

Grimaldus  prodire  incipit. 

22 

25 

Totus  emerfit. 

28 

0 

Emerfit  GaflTendus. 

30 

35 

Keplerus. 

36 

40 

Umbra  per  centrum  Tychonis. 

37 

20 

Totus  prodiic 

Prodiit 

H. 


40 

46 
48 

50 
53 

55 
57 
58 

59 
o 
2 
2 

5 
10 
10 

13 

13 
16 

17 


35 
28 

30 
o 

50 
20 

15 

45 
10 

50 
30 
50 

45 
o 

30 
10 

30 

30 
40 


Eclipfesof  the  Moon. 

Prodiit  Copernicus. 
Plato  incipic  emergcrc. 
Totus  detegitur. 

rSinus  seftuuni. 

I  Archytas* 

I  Manilius. 
Emcrlcrc  ^  Ariftoteles. 

IMenelaus. 
Ariadasus. 
LFracaftorius. 

Rcftat  in  umbra  \  diamctri  Luna?. 
#•  Plinius. 

Prodeunt  <  P^'^^^''-  Vitruv.  &  Ccnforinus. 
pTaruntius. 
^  ProcJus. 

Langrenus  totus  deteftus. 
Mare  Crifium  incipit  cmcrgere. 
Totum  prodiit. 
Finis  eclipfis  contra  Mare  Crifium,  exiftcntibus  turn 
in  linea  vercicali  per  centrum  Lunae  Oenopide  ac 
Heraclidc* 
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Tmp.  Ver. 
P.  M. 


H.   ' 

13  25 
40 


14 


58 
3 

4 
6 


o 
o 
o 

45 

32 

o 

9  47 

10  25 

11  6 

16  15 

18  34 

22  38 

23  50 

24  54 
29  40 

31  55 
33  42 


Pbafes. 


Incipit  penumbra  fenfibUis, 

Fit  fpiffior. 

Fit  fpiffiflima. 

Dubitator  de  Eclipfis  initio. 

Nunc  certo  inciperc  videtur. 

Jam  difcus  Lunas  apparet  deficiens. 

Umbra  attingit  plagam  Borealem  Terne  Prukiae. 

Pervenit  ad  Harpalum, 

Medium  HarpaK  tenet. 

Attingit  Littus  Boreale  Sinus  Iridum^ 

Heraclides  totus  t^itur. 

Plato  incipit. 

Medius  Plato  latet. 

Totus  Plato  obumbratur^ 

Umbra  ad  Ariftarchum. 

Ad  medium  Ariftarchi. 

Totum  Ariftarchum  occukat^ 

Ariftoteks 


XXIL 

A  Lunar  E" 
clipfe  Feb.  2, 
1730.  JV.  5.^ 
Lisbon  by 
P.  J.  Bapt. 
Carbone,  N» 
414  ^36j. 
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Eetlpfes  of  the  Moon. 


a   ' 

ir 

14  34 

55 

36 

24 

37 

49 

39 

9 

43 

57 

44 

53 

45 

48 

48 

27 

55 

50 

56 

30 

58 

20 

^5   0 

34 

4 

25 

II 

35 

13 

12 

16 

5 

47 

54 

32 

^ 

34 

3 

40 

46 

.     46 

21 

^l 

16 

48 

33 

50 

55 

52 

37 

54 

29 

.  56 

58 

16    I 

48 

3 

14 

4 

0 

"ft^ 


Ariftotelcs  obumbrari  incipit. 

Mediu^  Ariftotelestcgitur. 

Ariftofelcs  totus  in  umbra. 

Eudoxus  totus. 

Umbra  attingit  Endymionem,  &  Ariftyllum  fimuL 

Medius  Endymion,  &  tatus  Ariftyllus  latct. 

Endymion  totu$. 

Timocharis  totus;   umbra  pervcnit  ac^  Littus  maris 

Screnitatis. 
Ad  Laqum  Somniorum. 
AriRarchu*  incipit  emcrgere. 
Medius  Ariftarqhus  extra  umbram. 
Ariftarchus  totus  cmcrgit. 
Poflidonius  incipit  obumbrari. 
Lacus  Sonuiiorum  totus,  &  dimidium  Pofiidonii  oc* 

cultatur. 
Timocharis  incipit  emergerc 
Timocharis  emergit  totus  *,   &  totus  Pqffidonius  oc« 

cultatur, 
Archimedes  totus  extra  umbram. 
Poflidonius  incipit  cmcrggrc, 
Heraclides  totus. 
Poflidonius  totus. 
Harpalus  totus. 
Platonis  initium, 
Platonis  medium. 
Plato  totus  extra  umbram. 
Lacus  mortis  totus. 
Ariftoteles  incipit  emcrgere. 
Ariftoteles  medius  extra  umbram. 
Ariftoteles  cotus. 
Endymionis  initium. 
Endymion  totus. 
Finis  Ecliplis. 

Duratio  Eclip(i&  4  b.  59'  28^. 
Medium  Edi^  15  h.  4/  i6^ 
Quantitas  Digit.  3  Min.  20.  adBoream. 


i«i»<» 


u*iifi 


Ha^p 


EcUpfti  of  the  Moon. 
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Hasc  EclipHs  Tetini  ob  denfe  nubilatum  coehim  non  pocuit  obler* 
vari.  Earn  tamen  obfervavic  P.  PbiL  Jac.  Simonelli  in  arbe  Cbamxo 
ProvincisB  Nankinenjis^  quae  Pekino  ad  ortum  diftat  paulo  plus  4 
gr.  ^quatoris.  i.  e.  16  vel.17  min.  cemporis. 


Pbafes. 


Initium  Eclipfis  ibi  fuit 

Finis 

Maxima  obfcuratio,  digitorum  Sinicorum  3.  10' 

Itaque  medium  accidit 

Quod  calculus  pro  Pekino  dabac 

Cum  differentia  fads  jufta 


Temp.  P.  M.; 

H. 

1 

// 

10 
12 

55 
49 

0 
0 

1 1 
II 

52 

36 

0 

0 

GO 

16 

0 

XXIII. 

1]  wf/r  Eclif/e 
of  the  Moon  at 
Chamzo  in 
the  Province 
of  Nankin, 
JuJy  29.  N.  $. 
1730.^^  P. 
^ac.  Simonelli. 

**  424-  ^ 

320. 


fi 


Eandem  Eclipfim  in  Regia  Cocbinchinee  obfervavic  P.  Francifcas  de  ^3  ^^/^^'-^ 

T-   ^  *  «  J  Cochinchina, 

^^^  ^^P.Frtncif. 

cus  de  Lima. 

N«^424.^ 


Initium  annotavit 

Et  finem 

Adeoque  medium  erat 

Medium  Eclipfeos  Pekini  ex  calculo 

Undc  cxurgit  differentia  ejus  Meridiani  a  Pekino 

Ad  Occid.  42'  temporis  /.  e.  10^.  30'^quatoris 


.About  two  i»-A€  Mowviftg  Mr.  j^^^  viewed  the  Af(79»  with  his 
eight  Foot  Tclefcope,  and  (he  was  untouched. 


Time  Correct. 

H. 

/ 

^ 

2 

10 

0 

2 

12 

0 

2 

18 

10 

2 

31 

40 

2 

34 

20 

Pbafes. 


A  thin  Penumbra. 
The  Shadow  is  plainly  entered. 
Palus  Mareotis  covered. 
Mons  Porphyrias  touched. 
■    .        covered. 


XXIV. 

J/f  Ecltpfe  of 
the  Moon  June 
'28,  1721. 
bj  Mr,  Robie 
in  New  Eng- 
land. N'*423. 


Moon 


2l6 


Eclipfes  of  the  Moon, 


a 

r 

» 

2 

47 

10 

Moon  Edipfed  about  fix  Digits. 

2 

49 

05 

Bejbicus  juft  touched. 

2 

5° 

■JO 

covered  wholly. 

2 

5.^ 

40 

Byzantium  touched. 

2 

')4 

10 

covered. 

3 

05 

40 

Pidus  Maotis  touched. 

.^ 

18 

;?o  Moon  wholly  covered. 

There  remained  a  Light  on  the  Weftern  Side  of  the  Moon  for 
fome  Time. 

About  3^  50'  in  the  Morning,  the  Moon  was  wholly  hid  by  the 
Haze  and  coming  on  of  Day-Light,  that  nothing  could  be  (een  of 
her  ;  although  from  the  Immerfion  *till  now  Ihe  was  vifible. 


.   XXV. 

Southings  of  the  Moon. 

\\aftronomical 
Obfervations 

H. 

/ 

t 

kj  Mr,  Robie 

O£loh. 

5th. 

171 

7 

9 

32 

0    P.  M. 

4/  Harvard 
ColUgiinl^tvir 
England.  N« 
423.^.  270. 

Sep. 

24 

17 

iS 

9 
10 

II 

38 

22 

26 

0    there-abouts. 
32     P.  M. 
0    P.  M. 

Bee. 

19 

6 

45 

45    P.  M. 

20 

7 

30 

36 

23 

9 

54 

5 

25 

II 

47 

53 

Jan. 

17 

17 

'9 

5 

52 

I 

19 

7 

33 

I 

' 

22 

10 

21 

40    P.  M. 

Feb. 

16 

6 

15 

15 

19 

8 

59 

40 

21 

la 

54 

30    P.  M 

2]  mStmiu  O"  ^^^-  'O,  1720,  about  8^  P.  M.  Mr.  /2(?Wif  firft  faw  theijr>/r/ 
luminofa  ^  that  ftrikes  up  toward  the  Pleiades ;  and  on  Jan.  6,  folJowiiw,  he 
Dr.  Childrey  found  it  was  increafed,  and  almoft  reached  to  the  Pleiades.  And 
Obferv.  Dec.  p^^  j^  1721^  he  obferved  the  fame ;  and  on  the  25th  he  hath  given 
F4. 10^       ^*^  Figure  of  it:   boh  the  Part  next  the  Horizon  ;  V  the  Point 


toward  the  Pleiades. 

This  Glade  of  Light  is  the  fame  that  Dr,  Childrey  mentions  in  his 
Brit  an.  Bacon,  under  the  Name  ofSemita  luminofa ;  and  which  I  faw 
and  gave  a  Figure  of  in  Philof.  Tranf.  Numb.  305. . 


An 


EcUpfes  of  the  Moon. 

An  Eclipfe  of  the  Sun  Sept.  23d.  1712. 
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Fhafei. 


The  Beginning  'p 

The  Middle  nearly  ^  at 

The  End  3 

About  9  Digits  were  eclipfed. 


270. 


On  an  Eclipfe  of  the  Sun^  Nov.  27,  1722.  Vide/.  173. 


At  8**  SS'  15^  the  Sun  was  eclipfed  4^  neareft ;  and 
then  the  Sun's  Diameter  was  to  the  Moon's  as  1000 
to  972. 

At  9**  00'  15^.  were  hid  4  \  Digits  nearly,  and  thf 
Sun's  Diameter  was  to  the  Moon's  as  1000  to  975. 


H.      '      ^ 

8  55     15 

9  00     15 


Temp.  Ver. 


H. 


2  33  30 

2  46  15 

2  56  20 

3  20  30 

3  23  30 

4  14  30 
4  17  50 
4  33  34 

4  44  23 

5  6  30 


33 


Phafes. 


Commencement. 

L*ombre  it  Ariftarque. 

L'ombre  \  Galilee. 

—  au  bord  Septentrional  dc  la  mer  Cafpienne: 

L'ombre  a  Proclus. 

Ariftarque  fort  de  l'ombre. 

Tout  Copernic  eft  hors  de  Pombre. 

Timocharis  eft  forti  de  l'ombre. 

Platon  eft  entiereinent  hors  de  l'ombre. 

Fin  dereclipfe. 

La  duree  dc  I'eclipfe. 


273. 


XXVL 

An  Eclipfe  of 
tbg  Moon, 
Novemb.  i, 
1724.  N.  S. 
h  Mr,  Ma. 
raldi  at  Parif* 

n;  385.  p. 

1 16. 


F  f 


Occulta- 


2 1 8         Occultations  of  feverai fixed  Stars  by  the  Moon. 

XXVII.  i]  On  Feh.  25.  1 7 1 1.  Mr.Rolie  faw  the  Moon  cover  Jldeharan  at  a- 
1]  Of  Aide-  bout  9**  18'  P.  M.  and  the  Star  to  emerge  at  10^  20',  P.  M.  then  by 
baran,tf/Har-  his  Meridian  Inftrument  defcribed  in  franf.  N^  291.  being  2'  too 

iTNw^Eng.  flow*  fo  *^^  ^'  ^'■^  ^o  ^^  *^^^^  ^^  *^  '^^"^^  mentioned. 

ijp  Mr,  Robie. 

N«  428.  ^.     2]  8h  50'  6^,  Die  9  Mart.  1727.  emerfit  Spica  Virginis  c  limbo  Lunas 

^70-  .    ,_.  obfcuro. 

2]  Spica  Vir- 

logna,  by  S.        3]  ijii.Januar.  die  2.  mane,  Luna  occultavit  Stellam  cLeonis-  Im- 

Euft.  Man-     merfio  erat  1^  35'  20''  in  rcfta  per  Tychonem  &  S.  Theophiium  ;. 

^If^}'l^^'^'9'  Emerfio  fait  3^^  20'  40^  in rcfta  per  S.  ThcophUum  &  Eratofthenem. 
^.5.  N«404.  J  T  XT  x^ 

i]Ociultations     Dic  22:  Summo  mane,  Luna  tranfivit  per  Pleiadas. 

^feviralfixtd 

Stars  in  1728.  jh  q'  25^  immerfit  Tauete  poft  Lunam,  in  refta  cum  BuUialdo.^ 
p£'n-        '  &Abulfeda.*      *^ 

414.^.370.    I**  9'  30^  CeliBfWj   ^  Cufpide   cornu  auftrali  pauculis  fecundis  di- 

ftans  in  refta  ex  Tychone  per  Clavium,  mox  difparuit 
nimia  fIu£tuatione  lucidi  limbi  Lunas  abforpta. 
ih  18'  24''  immerfit  Sterope  in  refta  cum  BuUialdo,  &  FracaftoricN 
1^  25'  s6^  Maia  in  refta  ex  Tychone  per  Longomontanum. 

Emerfio  nullius  videri  poterat  ob  nimiam  fluftuationem  l^jds  Lu;ia^ 
inter  vapores. 

Die  29  vefp.  Luna  obtexit  Stellam  r  Leonis.  Immerfio  fuic  9h  27^ 
53^  in  refta  cum  Galileo,  &  Lanfbergio.  Emerfio  vero  loh  24^ 
17^  in  refta  cum  Macrobio  &  Sofigene. 

Mart,  die  21  vefp.  occultavit  Luna  Stellam  y  Cancri.  Immer- 
fio fuit  8**  14'  in  refta  per  Copernicum  &  Boreum  marginem 
iLangreni.     Emerfio  fuit  ncglefta. 

Mali  die  24.  Summo  mane  i^*  51'  30^  Luna  abforbuit  Stellam  r 
Scorpionis  proxime  Byrgium.    Emerfio  non  fiiit  obfervata. 

Sept.  die  14  vefp.  Luna  occultavit  Stellam  i|  Capriccrni.  Immer- 
fio fuit  8**  1 1'  20^  inter  Selcucum  &  Cardanum.  Emerfio  9^*  37'  30^ 
paulo  infra  Langrenum. 

Die  19  vefp.  Luna  obtexit  SttW^ra.  d^  Pifcium.  Immerfio  fuit  8h. 
43'  45^  i^  rc^^  P^r  Tychonem  &  Langrenum.  Emerfio  auterai 
jh  5'  15^  in  reda  cum  Tychone  &  Kcplero. 

0£l.  die  28  mane  Luna  eceultavit  Rcguhlrti,  feu  Cor  Leonis.  Im- 
merfio fuit  i^  39' 50^  in  redla  per  Ariftarchum  &  Gaflendum.     E- 

merfio  2^  lu  15^  in  refta  per  Ariftarchum  &  Cardanum. 
4]  Tbi  Confix 

Nov.^^M.        ^^'^'  ^^^  ^^  5^  o'  42^  mane  Luna  obtexit  ftellam  y  Leoms  ;  locus. 
Mt  Pckin.  N«  immerfionis  erat  proxime  contra  Roccam. 

416./.  455.  6^2V 
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0»  21'  55^  prodiens  Stella  ftabat  in  refta  cum  Reinholdo  &  Gri- 
maldo  ;  adeoque  locus  emerfionis  prope  Bcrofum,  & 
tranficus  ferme  centralis. 

1729.  Mart,  die  8.  w^  18'  P.  M.  Luna  obtexic  ftellam  boreo* 
oricntalem  trapezii,  quod  eft  infra  pedes  aurigae.  12*^  12'  enrjerfu 
ftella  e  regionc  Mcflaliae.  Die  11.  j^  56'  3^  vefp.  Luna  obtexit 
ftellam  ^Cancri.  Locus  immerfionis  erat  contra  Schickardum.  E* 
merfio,  quae  fuit  contra  Petavium,  paulo  tardius  notata  eft  9^  2' 
30^  ;  accideret  autem  proxime  8^  59'. 

April,  die  2.  vefp.  Conjunftio  Lunae  cum  Pleiadibus. 

gh  23'  2^  Luna  obtexit  ftellulam.  boreal iorem  trianguH  quafi  aequi- 
lateri,  quod  praecedit  Pleiadas :  Locus  immerfionis  contra  Phocyl- 
lidem.  9^  2'  23^^  abforbuit  ftellam  claram,  quae  eft  fupra  Pleiadas 
ferme  in  refta  linea  cumTaygete  &C  Ele£lra:  Locus  immerfionis  vi- 
debacur  efle  contra  Cardanum.  9**  9'  25^  Luna  obtexit  Taygeten^ 
cujus  immerfio  erat  contra  Cabaeum  prope  cufpidem  Lunae  auftra- 
lem.  9^  18'  58^  immerfa  eft  praecedens  SteropeSj  contra  Barcolunu 
9I1  25'  27^  immerfa  eft    fequcns  prope  Cafatum. 

Emerfioncs  non  poterant  videri  ob  nimiam  undulationem  lucidi 
limbi  Lunae  atnofphasram  fubeuntis. 

IXc  II.  8^  12'  P.  M.  Luna  obtexit  ftellam  v  Leonis  diredte  con- 
tra Schickardum,  ftante  Meflalla  in  vertice  Lunae.  Emerfit  Stella 
9*  1 1*  30^  paulo  infra  Langrenum,  verticem  Lunae  obtinente  Mer- 
curic. 

Nov.  die  7.  nfiane  tranfitus  Lunas  per  Pleiadas^  cum  borealium 
occultatione,  ut  fequitur. 

H.      '     ^ 

451     10  Immerfit  Celano  contra  Zucdiium^ 

4  53       6  Immerfit  Taygete  contra  Crugerum. 

5  1730  Immerfit  clara  Steropes  fupra  RicdoL  ^ 

5     18     20  Immerfit  Af^Vi  contra  marg.  occ.  Schickardi 

dub.     5    21  Immerfit yJrj«tf»x  Steropen  contra  Roccam. 

5  37     10  Emerfit  Celano  rcdba  contra  Petavium, 

6  2     20  Emerfit  taygete   inter  Langrenum,   &  marf 

Crifium. 

6    15    30  Emerfit  Maja  ad  bon  Wendelini. 

Emerfio  Steropes  ob  diluculum  nequit  videri. 

Eodem  die  vefp.  y^  30'  34^^  ab  »Luna  occultata  fuit  ;^  Tauri  paulo* 
infra  Galilcum,  quae  rurfum  emerfit  8*^  33'  15^  paulo  fupra  Lan- 
greaam. 

F  f  2  ' .  Die 
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^]OccufiAttons 
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Die  17  Jan,  1731.  Obfervatus  eft  iranfttus  Lunee  per 
Pleiadas  ut  fequitur. 


Immcrfir  EleSra  in  reda  per  Platonem  &  Eudoxum. 
cimmerfic  Merope  in  reda  per  Copernicum  &c  Mep 
t    fallatn. 

Emerfic  EleStra  in  refta  per  Thaletem^  &  Eudoxum. 
rLnmerfit    praecedens    lucidam    Pleiadum    f  triplex: 
^     Stellula )  in  redta  per  Eratoftb.  &  S.  Cjrillum. 
^Immcrfit  lucida,  feu  Alcyone^    in  rcfta  per  Coper- 
c     nicum  &  S.  Catharinam. 

c  Emerfit  Merope  in  rcfta  per  Taruntium  &  S.  Theo- 
1     philum. 

cimmerfic  lucidior  ex  parvis  ad  Auftrum  AUantis^  ia 
d     reda  per  Bullialdj  &  Cenforinum. 
cimmerfit  Atlas   i»  refta  per  Copernicum  &  JuU 
i     Casfarem. 

c  Emerfit  Alcyone  in   reda  per  Margrnem  Orient. 
C     Pofid.  &  Menelaum. 

c  Immerfit  Pteione  in  reda  per  Copernicum  &  Pto- 
1     lomasum. 


XXVIII. 

Obfirvations 
§H  tbi  Spot 
Plato  in  the 
Moonfeen 
Aug.  1 6.  N.^. 
1^25.  by  S. 
Bianchini  st 
Rome.     N^ 
396./.  i8u 
Fig.  104. 


1 73 1.  Die  14  Mart.  >  occulta vit  Stellam  x  in  «•  Immerfio  ac- 
cidit  H,  8,  41'  50^  P.  Jlf.  in  reda  per  Taruntium,  &  Langre- 
num.    Emerfit  H.  9,  51'  a  Firmico  modice  ad  Auftrum. 

Die  20  Mart.  Luna  occulta  vit  Stellam  ir  in  51.  Immerfio  fijit 
H.  II,  13'  P.  M.  in  reda  per  Merfcnnum,  &HBullialdum.  Emer- 
fio  H.  12,  31'  e  regione  Firmici. 

Die  16  April.  Luna  occultavit  Stellam  o,  in  €i.  Immerfio  fuic 
H.  8,  46'  30'  P.  M.  in  reda  per  Bulliatdum  &  Cenforinum.  E- 
mcrfio  H.   10,  5'  45^  in  reda  per  Taruntium,  &  Menelaum. 

Margincs  elevati  in  ambitu  maculae  perfundebahtur  luce  Solis^ 
&candoremconfuetumoftendebant :  fundus  maculae  tenebrofus  fpec- 
tabatur,  cum  ad  ilium  radii  folares  nondum  pertingerent.  Sed  pro^ 
jedio  lucis  minus  candidae,  imo  nonnihil  rubefecntis,  pervadebat  me- 
diam  aream  maculae  (ut  in  Fig.  104.)  non  fecus,  ac  fi  in  latere 
marginis  A  Soli  obverfo  foramen  aliquod  fuerit,  per  quod  radius  Sclis 
admitteretur. 

Duplex  innuitur  caufa,  unde  praedidus  effedus  procedere  poflct  % 
vel  fcilicet  foramen  in  latere  Marginis  Soli  obverfo  5  vel  refradia 

alicujus 
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*licujus  radii  folaris  in  fummitate  marginis  fafta,  unde  interiorcs  par- 
tes ipfius  maculae  pervaderet  radius.  Utrumqvie  fane  probabile,  & 
utrumque  J5ariter  confirmat  dari  circa  Lunam  AtmofphaEram  noftrae 
non  abfiniilcm  ;  five  enim  foramen  admittamus,  per  quod  Solis  radius 
introducatur,&  hic  fane  neudquamvideripoffet  inobfcuro  cavo  maailas, 
nifi  ab  exhalationibus  lucem  refledlentibus  ficret  confpicuus  ;  vcl  ad- 
mittamus refraftioncm,  &  ha5c  fine  intermedio  craffiori  dari  nequit, 
H^ec  obfervavit  vir  clarijf.  bora  prima  poft  Solis  occafum  in  monte  Palih- 
iinoj  tubo  optimo  J.  Campani  Palmorum  150  Romanorum, 

Mr-  BrMej^  the  Savilian  Profeflbr  of  Aftronomy,  and  myfelf,    XXIX. 
have  compared  Mr.  Hadlefs  Telefcope  ( in  which  the  focal  Length  ^^Oh/ervat. 
of  the  Objeft  Metal  is  not  quite  5  Feet  and  \ )  with  the  Hugenian  ^^  ^.*^"™  ^^ 
Telefcope,  the  focal  Length  of  whole  Objeft  Glafs  is  123  ^^^^'^f^lheR^J^ 
And  we  find,  that  the  former  will  bear  fuch  a  Chaise,  as  to  make  rend  Mr.  J. 
it  magnify  the  Objeft  as  many  Times  as  the  latter  with  its  due  Pound,  with 
Charge  ;  and  that  it  reprefents  Objefts  as  diftinft,  though  not  alto-  ^^'  Hadlcy'x 
gether  fo  clear  and  bright ;  which  may  be  occafioned  partly  from  the  ^^1^1^  1^9 
Difference  of  their  Apertures  ( that  of  the  Hugenian  being  fomewhat  378./.  382. 
the  larger)   and  partly  from  feveral  li||le  Spots  in  the  concava 
Surface  of  the  Objed  Metal,  which  did  not  admit  of  a  good  Po- 
lilh. 

Notwithftanding  this  Difference  in  the  Brightnefs  of  the  Objcfts, 
we  were  able,  with  this  refiefting  Telefcope,  to  fee  whatever  we 
have  hitherto  difcovered  by  the  Hugenian  ;  particularly  the  Tranfits 
of  Jupiter^s  Satellites,  and  their  Shades,  over  the  Disk  of  Jupiter  ; 
the  black  Lift  in  Saturn*^  Ring  ;  and  the  Edge  of  the  Shade  of 
Saturn  caft  on  his  Ring,  as  reprefentcd  by  Fig.  4,  Plate  2.  of  the 
forementioncd  TranfaSl.  Numb.  376.  or  Fig.  105.  of  this  Abridg-  Ftg.  105. 
ment 

We  have  alfo  feen  with  it  feveral  Times  the  5  Satellites  of  Sa^ 
turn\  in  viewing  of  which  this  Telefcope  had  the  Advantage  of 
the  Hugenian^  at  that  Time  when  we  compared  them  ;  for  it  be- 
ing in  Summer,  and  the  Hugenian  Telefcope  being  managed  with- 
out a  Tube,  the  Twilight  prevented  us  from  feeing  in  this  fome  of 
thofe  fmall  Objeifts,  which  at  the  fame  Time  we  could  difcern  with 
the  reflefting  Telefcope. 

Mr.  Hadley  gz,vt  tht  Society  ^  Relation  of  fome  of  the  moft  re-  i^Tle/amfSjf 
markable  Obfervations,  which  he  had  made  with  his  Refleding  Te-  ^^^^^^^J^^* 
lefcope,  before  he  prefcnted  it  to  the  Society.  extraaedfrm 

In  obferving  Jupiter^s  Satellites  he  has  feen  diftinftly  the  Shadows  the  Minutes 
of  the  firft  and  third  Satellites  caft  upon  the  Body  of  the  Planer.       of  the  R.  S, 

In  obferving   Saturn  laft  Spring,  at  the  Time  when  that  Planet  ^^  378-  /• 
was  about  1 5  Days  paft  the  Oppofition,  he  faw  the  Shade  of  the  ^  S" 
Planet  caft  upon  the  Ring,    and  plainly  difcerncd  the  Ring  to  be 

diftin- 
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diftinguiflicd  inro  two  Pares,  by  a  dark  Line,  concentric  to  the  Cir- 
cumterenc^^of  the  Ring.  The  outer  or  upper  Part  of  the  Ring 
feemed  to  be  narrower  than  the  lower  or  ijiner  Part,  next  the  Bo- 
dy, and  the  dark  Line,  which  fcparated  them,  was  ftronger  next 
the  Body,  and  fainter  on  the  outer  Part  towards  the  upper  Edge 
of  the  Ring.  Within  the  Ring  he  difcerned  two  Belts,  one  of 
which  croffed  Saturn  clofe  to  its  inner  Edge,  and  feemed  like  the 
Shade  of  the  Ring  upon  the  Body  of  Saturn  -,  but  wlien  he  confider- 
cd  the  Situation  of  the  Sun,  in  refpedl  to  the  Ring  and  Saturn^  he 
found  that  Belt  could  not  arife  from  fuch  a  Caufe. 

He  fays,  that  at  Times  he  has  feen  with  this  Telefcope  three  dif- 
ferent Satellites  of  Saturn^  but  could  never  have  the  Fortune  to  fee 
all  five. 

Aug,  1723.  Mr.  Hadley  adds,  that  he  has  feveral  Times  feen  the 
Shadow  of  the  firft,  fccond,  aiid  third  Satellites  of  Jupiter  pafs  over 
the  Body  of  that  Planet,  and  that  he  has  feen  the  firft  and  fecond 
appear,  as  a  bright  Spot  upon  the  Body  of  Jupiter^  and  has  been  a- 
ble  to  keep  Sight  of  them  there  for  about  a  Quarter  of  an  Hour, 
from  the  Time  of  their  entring  on  his  Limb. 

Jupiter's  Satellites  havc^f  late  Years  been  fo  fituated,  with  regard 
to  the  Earth  and  Jupiter^  that  he  has  not  had  fufficient  Opportunity 
of  obferving  the  Tranfit  of  the  fourth  Satellite,  or  of  its  Shadow. 

The  dark  Line  on  the  Ring  of  Saturn^  parallel  to  its  Circumfe- 
rence, is  chiefly  vifible  on  the  Anfa^  or  Extremities  of  the  Elliptick 
Figure^  in  which  the  Ring  appears ;  but  he  has  feveral  Times  been 
able  to  trace  it  very  near,  if  not  quite  round  j  particularly  in  Afoy, 
1722,  he  could  difcem  it  without  the  Northern  Limb  of  Saturn^  in 
that  Part  of  the  Ring,  that  appeared  beyond  the  Globe  of  the  Pla- 
net. The  Globe  of  Saturn  ( at  leaft  towards  its  Limb )  refleds  left 
Light  than  the  inner  Part  of  the  Ring,  and  he  has  fometimes  diftin- 
guiflied  it  from  the  Ring  by  the  Difference  of  Colour. 

The  dufky  Line,  which  in  1720  he  obferved  to  accompany  the 
inner  Edge  of  the  Ring  crofs  the  Diflc,  continues  clofe  to  the  fame, 
though  tht  Breadth  of  the  EUipfe  is  confiderably  encreafed  fince  that 
Time. 

XXX.  •Z)<fr,  die  6.  vefperi,  Conjunftio  Saturni  cum  Luna,  fed  Luna  non 
AConjuna'm  nifi  poft  y^\  t  nubibus  proniicante,  Captae  funt  tantum  fequentes 
^Saturn  w//^  diftantiac  Saturni  a  propiore  limbo  Lunas  cujus  diameter  ao'  4./:^ 

tbi  Movn,  ob'  ^       ^^  ' 

N.S.  1728.  ^5  Cdift    J20       30Cxcufnid<^^''^0''"'"- 

4S6.  40  3        C25     io3*>or.Jper(:petavium. 

1724. 
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1724,  June  ajrf,   10**  13'  Saturn  folJowcd  a  Star  (in  Senex*s^  Zodi-    XXXI. 
mgks  but  without  any  diftinguifhing  Mark)  51^  and  an  half  of  Right  Ob/ervat.ofy^ 
Afccnfion  in  Time,  and  dcch'n'd  from  it  South  40^  'f'  Souihwick 

June  I5tb,  1^0^  Saturn  followed  the  fame  Star,  13^  of  Right  [^^^^^^^^ 
Alicenlion  in  Time,  and  declined  from  it  South,  3^  or  4^  only.        G.Lynn  A- 

H^ec  confideratio  formarum  quas  pro  diverfa  gravitatis  ad  vim    L^ 
coicrifagam  rationc,  fluida  induere  poffunt,  me  induxit  ut  cogita-   ?^   . 
rem  talcs  planetarum  formas forfitaft  in  coelis  reperiri,  cum  ad  hoc  concerlh'^^b 
Gcleriori  tantum  circa  axem  motu,  vcl  minori  materise  denfitate  opus  naturelld  ^ 
fit.  Etenim  quamvis  pauci  quos  novimus  planetae  fatis  ad  fphaeroidi-  manner  of 
cam  formam  accedant,  cur  non  alij  aliarum  formarum  fupra  didarum  farming  Sa- 
admittct-entur  vel  circa  alios  foles,  vcl  etiam  circa  noftrum  ?    Hi  pla-  ^^^^^  ^^^Z^ 
nctae  lentiformcs,  vel  propter  diftan^iam,  a  nobis  nunquam  confpice-  andD^fappe^r^ 
rentur,  vcl  quia  in  piano  Eclipticae  verfarentur,  aut  in  piano  pa-  ance  offome  * 
ram  ad  Eclipticam  inclinato,   cui  piano  illorutn  axis  revolutionisZ-^^'^^/'^r/,  ijp 
cffct  redus,  aut  fere  reftus ;  nam  in  hoc  fita  c  terra  confpici  nequirent.  ^^'^f^^^^^^ 

Cur  etiam  talis  formarum  varictas  inter  fixas  locum  non  habe-  »J^.    vi"/^^' 


tuis.  N^4^z^ 


ret?  Prarfcrtim  cum  illas  circa  axem  gyrari,  foils  inftar  tioftri,  fit^.  254. 
admodum  verifimile*  Forfitan  fixae  lentiformcs  in  coelis  dantur. 
Forfitan  planctis  admodum  excentricis  vel  cometis  cinguntur,  qui 
cum  in  piano  asquatoris  fixae  non  vbrfentur,  quando  ad  perihelium 
acccdunt,  direftionem  axis  ftellae  turbant ;  &  tunc  quae  nobis  prop- 
cer  fituna  non  apparet,  apparebat  ftclla,  vel  quae  apparebat  non 
apparet.  Etfii:  raHo  redder etur  cur  qutedam  Jlella  per  vices  accendi  C^ 
€Ktingui  videntur. 

S^  fi  in  quovis  fyftemate  comcta  aliquis  caudam  trahens,  fertur 
in  viciniam  alicujus  potcntis  pianette,  quid  eventurum  ?  Materia  quae 
a  corpore  comctae  cffluit,  circa  planetam  trahetur  ;  &  comcta  novam 
materiam  cffundente,  vel  fufficieme  matcriae  jam  cfFufae  copia,  orie- 
tur  fluxus  circa  planetam  continuus :  Et  quamvis  columnae  flucnti  vel 
cylindrica,  rel  conica,  vel  quaelibct  alia  forma  primiim  fuerit,  via 
ejus  centrifuga  cum  gravitatibus  tum  a  planeta  tum  a  materia  flucnti 
ortis,  femper  cam  latiorem  &  tenuiorem  reddet ;  &  columna  haec 
curvata  ad  aliquame  formis  fupra  definitis  in  Probl.  2®  *accedet.  Et 
Jic  omnium  nature  pbcenomenorum  maxime  Jiupendi,  Saturni  annuls  ra- 
tie  redderetur. 

Interea  dum  cometae  cauda  talem  planetse  annulum  daret,  corpus 
jpfum  cometae  forfan  etiam  traheretur  fi  in  diftantia  debita  eflet,  & 
novus  planetae  fatelles  fieret.  Sic  forfan  plures  cometae  fatellitibus 
&  annulo  Saturnum  ditarunt :  nam  annulum  Saturni  unius  cometai 
cffluvio  tribuendum  non  videtur,  cum  umbram  in  Saturni  difcum  pro- 
jiciat  dum  materia  tamen  caudarum  cometarum  adeo  fit  rara  ut  trans 
illam  lucentes  ftellas  videri  queant.  Annulus  ergo  Saturni  ex  plurium- 
cometarum  caudis  conjiare  videtur^  fc?  quarum  materia  propter  attrac- 
tionem  Saturni  denfior  fa5ta  eft.  Patct 

•  Vide  auffom  diJfemiiQium  in  (apite  fi^ente. 
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Patct  planetam  fatellites,  ncc  tamen  annulum  acquirere  pofle ; 
nam  non  omnes  comets  caudam  habenc :  £t  fi  comeca  cauda  careps 
trahatur,  planetse  facellitem  fine  annulo  dabic, 

Summus  Newton  ftatuit  vapores  cometarum  in  planetas  fpargi : 
imo  etiam  banc  communicationem  neccflariam  duxit,  ut  quidquid  li- 
quoris  confumitiir,  reparctur.  Viri  illuftriffimi  D.  D.  Halley  & 
Whifton,  cometas  &  cometarum  caudas  planetis  infeftas  mutationcs, 
ut  polorum  variationem,  diluvia,  &  incendia  infcrre  pofle  credide- 
runt ;  fed  cometae  benigniores  cflfedlus  producere  pofliint,  &  etiam 
planetis  aliquando  res  miras  &  utiles  dare. 


1725. 


XXXIII. 

An  Obfervati- 
on  of  Jupiter 
Mt  Southwick 
in  Norchamp- 
Conihire,  by 
G.LyEii,J5/JF} 
N*.  393.^. 

67. 


XXXIV. 

1]  Ediffesif 
Jupittr'jjirfi 
Satellite  ob- 
ferved  at  Har- 
vard Colkge 
in  New  EngK 
tommunicated 
ky  the  Rsve- 
nnd  Dr.  Der- 
ham.  N^' 423, 


1725  Dec.  17th  at  8^*  o'  00''  apparent  Time  Jupiter  preceded  9  A- 
quarii  aJ^  and  an  half  of  right  Afccnfion,  in  time,  and  de- 
clined from  it  Souths  11'  45^.  This  Obfervation  (with 
the  reft  at  Southwick  >  was  made  with  a  thirteen  Foot  Tclc- 
fcope,  whofe  aperture  was  2.  4  Inches,  and  Charge  2.  5 
Inches. 


H.     ' 

At  10    48 


I7If^ 


17    Feb.  13.  1777^  Mr.  iSl^W^ obfervcd  an  Immer- 
"  fion  of  the  firft  Satellite  of  Jupiter. 
At  10       7     30    Feb.  8  th.  I  obfcrved  an  Emerfion  according  to 
which  the  difference  of  Longitude  between 
Harvard  College  and  Upminjier  is  4^  45^ 

1715- 

At  10    45    35    Mar.  loth.  171J.  Mr.  Robie  obfcrved  an  E* 
merfion  of  the  firft  Circumjovial. 

i7i|. 

At  10    35    00    P.  M.  Jan.  13th.  i7if,  the  firft  Circumjovial 
immerged. 


Ecltpfts 
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Obfervations  of  the  EcX\^(ts  of  ]M^\tzr's  Satellites, /row  1700,  to  the 
Tear  1727.  By  the  Reverend  W.  Derham,  M.  A.  Canon  of  Windfor, 
and  F.R.S. 


*] 

Eclipjes  Primi  Satellitis.                                        Ed.  of  jup,- 

I.  Sit. 

Dies 

Meniis. 

Tempus          Tempus         Per  Tab. 

jequale.          apparens.       Flamll.  & 

^                                     Caffini. 

Qua- 
ils E- 
clipfis. 

t*^."*                                              1 700  to  1727 
H«''°<^-                                             P.  AlC. 

1 

H.     M      S.  1  H.     M.    S.  1    Min.  Sec. 

1              IGrad.    1 

10.  59.  4 

Anno  Domini  1700, 

Em. 
E. 

r  1$ 
X  10 

Aug.  13 
Dec.  I 

10.  S7-  »o 
C   5.     I.     8 
1—      I.  38 

59.    Fl. 
4h.  ss'JC. 
4.    s8  Fl- 

Telefcopio  6  pedali. 

Telefcopio  1 6  pedali. 

Omnes  feqnentes  Eclip- 
fes Tubo  i6  pedali  obfer- 
vatse  fuere,   nifi  cum  aliter 
notatur. 



Anno  Domini  1701. 

Im. 
I. 

E. 

E. 

E. 

a:  27 
s:  29 
X    8 

K    9 
X  14 

' 

Jan.  15 

JuL  8. 
oa.  12. 

19. 

Dec.  20. 

^13.23.    0 

I—  24-  50 

13.  30.    0 

C   5-  54-    9 
<  —  54-  >9 
C  —  54-  49 
J  7-  48-  57 
1  —  49-  47 
6.    25.    0 

13.  21    Fi. 
13.  26  C. 
13.  28  Fl. 
13-  34    C. 

5-  59   C. 

7-  55   C. 
6.  28  Fl. 

Bona  Obfervatio. 

Bona. 
Dubia. 

_    —    — 

Anno  Domini  1702. 

E. 

E. 
E. 

r  Hi 

r  12 

r  i6i 

oa.    IS 

—    24 
Dec.    9 

C    9,  22.     0 
,^  —  22.  IS 

6  —  22.  45 
C  5-  44-  57 
<  —  45-  2' 
L  —  45-  4* 
5-  59-    0 

9.  23  Fl. 
9.  26  C. 

5.  47  Fl. 
$.  so   C. 

6.  J  FI. 

Optima. 

Optima. 

Aer  nebulofus. 

Gg 


I,  Sat. 
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1.  Sat.    I      Tempiis 
Dies  aequale. 

Menii«j.   I 


Tempus 
appaicns. 


Per  Tab.     |  Eclip- 
Flamft.  •&      (\% 
Caflin!.         j  qaalis. 


Locus 
Jo  vis. 


1 

H.     M     S.  1 

H.     M.     S.     i 

H.  A:in.     1 

1 

GrAd.    1 

5-  37-  40 

AnnoDomini  1703. 

L 
I. 

I. 

E. 

«     8i 
«      10 

»      II 
»      19 

Aug.     8 

24 

Sept.     2 
Nov.  28 

15.  21.  30 
Siy  43.     6 

d—   43    35 

10.     8.  20 

^  44-   "Cz 

15.  18    F. 
13.  3«    F. 
i3.  45    C. 
10.    4    F 
q.  43.  F 

Dubii  ob  Nebulas. 
Bona. 

Ncbulofum  Coelum. 
Nnn  mala. 

Aug.  26 
—    28 


Sept. 

oa. 


Nov.     3 
Dec.     9 

--  —  23 


17-    7-  43 
II.  36.  16 

13.  29.  14 

10.     2.  40 

17.  39-  54 

9.  14.  43 


AnnoDomini  1704, 


17- 

9-  53 

«7- 

B 

F. 

i- 

38.  18 
39-    3 

II. 

37 

F. 

i'i 

33-  5 

34-  25 

13- 

23- 

F. 

i- 

16.  40 

17.  10 

10. 

'3 

F. 

17- 

54-  55 

17- 

48 

F. 

?• 

31.  00 

9- 

9.    T.7 

9- 

10 

0. 

I. 

n  i2i 

I. 

n  ,3 

I. 

n  13X 

L 

n  16 

I. 
E. 
E. 

n  i8i 
n  2i| 

H  23 

Nimia  lux,  fed  non  mala. 
Bona. 

Bona. 

Nebulofa,  fed  non  mala. 

Nebulofam. 

Dubia. 

Bona. 


Itfart. 


25 

Sept. 

7 

oa. 

30 

Nov. 

22 

Dec.   15 


10.  9-  58 

10.  II.  5 
16.39.  15 
•—  40-15 
8.  54.  50 
—  55-20 
19.    4.50 

19.  15.  o 


Anno  Domini  1705- 


9.  46.    3 

—  46.  40 

.  —  47-    o 

10.  7.  18 

—  7.  52 

—  8.  25 
16.  45.  26 
.-—  46.  26 
19^  10.  19 

—  10.  49 
19.  13.  S9 

19.  13.  20 


9.  47    F. 


10  F. 

52  F. 

10  C. 

11  F. 


E. 

n   29 

E. 

S      O^ 

I. 

«   I's 

I. 

3»     19 

I. 

S     21 

I. 

£    22| 

Mart.  7 
-.--30 
Apr.   29 


{ 


7.  46.  40 

—  47-37 
9.59.    2 


Anno  Domini  1706. 

E. 
E. 
E. 

»  a9i 

a     3 

a    3i 

7.  27.    0 

7-  45-  25 . 
—   46.  20 
10.    3.    5 

7.  26  F. 

7'4«   F. 
10.     3.  F. 

Bona. 

Bona« 

Bona. 

Nimia  lax,  ideo  dobia. 

C  Dominus  Gray  hanc  im« 
c  merfionem  Cantuariae 
C      19^.  1 5' obfervavit. 


Bmerfam  inveni. 
Bona. 

Nebulofam. 


I.  Sat 
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I.  Sat. 

Dies 

Mentis. 


Tempus 
sequale. 


rcmpus 
apparens. 


Per  TaK 
Flamrtccd. 
&  Ciflini. 


1  H.     M.     S.   1 

H.    M.     S    1 

H.   Min.     [ 

1 

Grad.    1 

10.  17.  52 
5   6.  39.  52 

4— 4>-  3* 

J  8.  47.  53 

2—48.    6 

(  9-  14.  43 
J  —  16.    7 

Aimo  Domini  1707. 

E. 
£. 

E. 

51  26i 
51  274 
a  29i 

•a?  35 

Feb.      15 

24 

Mir.     26 
Mail      1 1 

10.    4.  43 
6.  28.  20 

—  30.    0 

8.  45.  36 

—  45-  49 

9.  18.  43 

t    —   20.    7 

10.    J    F. 
6.    28  F. 

8.  46   F. 

9.  20   F. 

Bona. 

CVentus  fortit  (pbum 
t     motiUvit. 

Bona. 

Jan.      3 1 


Anno  Domini  1708. 


17-  35- 


itp  23I    Immerfus  fuit  ante. 


Mali      18 
Jun.       10 


Anno  Domini  1709. 


26 

9- 

10. 

47 

9- 

18 

F. 

26 

II. 

47 

8. 

59 

C. 

21 

9- 

21. 

9 

9- 

*7 

F. 

0 

1    — 

23- 

8 

9- 

12 

C. 

E. 
E. 


^     1% 

sa    3f 


Non  mala. 
Bona. 


Mail      1 4  I 
Jul.       15 
Aug.     23 


10.     6. 

7.  22. 


57 


Anno  Domini  1710, 

10.  10.  261 10.  14  F. 
8.  46.  ol  8.  49  F. 
7.  22.  50 1  7.  28  C. 


E. 

m.  26 

E. 

^     2 

E. 

^f       5 

Immerfum  vidi. 
Nor  mala. 


Ang.     19 


Anno  Domini  171 1. 


8.  23.  40 
^  24.  30 
—  25.  00 


8.  32     F. 
8.  30    C. 


E. 


Mf      4 


Bona. 


«7 
28 

8.  10.  28 

7.  4.  18 

Anno  Domini  1713. 

E. 
E. 

K     14 
K  i9i 

oa. 

Dec. 

8.  26.  19        8.  35  F. 

Bona. 
Bona. 

I 

9. 59.  0 

Anno  Domini  17 14. 

E. 

E. 

r  17 
r  18 

oa. 

Nov. 

10.    1.    I 
6.  20.    0 

10.    5    F. 
6.  20.  F. 

Dabta. 

C  Nubilum  ideo  dabia 
^     licet  Cubo  34  pedali 
^     obfervationcmfcci. 

G  g  a 


I  Sat* 
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1.  Slit. 

1  em  pus 

Teaipus 

Per  Tab. 

Ciu^lis 

Locus 

Dies 

cquale. 

apparcns. 

Flamftecd. 

Eclip- 

Jovis. 

Menfi*?. 

1 

.     &  CaHini. 

fis. 

I 

. 

H.     i\l.     S.  1 

H     ,M      S     1 

H      .\t 

Grad     1 

C    6.  25.     3 

Anno  Domini  ijij* 

6.  10.  15 

Feb.        1 

J^  ~  26.  18 
^  —  26.  48 
C     8.  21.  21 

—  II.  30 

— *  12.  00 

8.     7.    0 

6.  14  F. 
6.  14  C 

EL 

3      I 

Bona. 

8 

^  —  22.  21 

—  7.  30 

—  ^.     0 

8.     9    F. 

8    12    C. 

E. 

®      li 

Bona. 

Nov.     27 


Anno  Domini  1725. 


{ 


9.     8.  36 
—     90 


Per  Tabul. 
D.  BradJey. 

0.     6.  B. 


X     22 


Sequentcs  Obfervatio- 
ncs  Tclefcopio  i2f  pe- 
dali  Optimo  faftx  fuere. 

Windeforiae,  dubia. 


Januar*   5 

Aug.      5 

Stpt,    15 

Oaob.   8 

17 

Dec.       2 

' 25 


i 


7.  40.  19 

—  41.  o 

—  41.  30 
14.  50.  17 

—  5»-  7 
7.  44.  17 

—  45-  37 

—  46.  7 


{ 


7.  12.  57 

—  '?•  57 


Anno  Domini  1726. 


{ 


7.  29.  49 

—  30.  o 

14.  46.  28 

—  47.  18 
7.  53.  10 

—  54-  30 

—  55-  o 
10.  25.  o 

6.  46.  30 

7.  2.  o 

—  3.  o 
7.  7.  o 

—  8.  o 


7.  31    B. 

14.  47    B. 

7.  53    B. 


lO. 

6. 
7. 


7    B. 
46    B. 

5    B- 


7-     9 


B. 


E. 

H    25 

L 

r  15 

I. 

r  19 

E. 

r  21 

£. 

r  2ii 

E. 

r  25 

E. 

r  28 

Bona^  Upminftri. 
Bona. 

Bona. 

C  Obfcrvatio  incertx 
^  propter  Jovis  vicini- 
^    tatem. 

Windeforiaey  dubia. 
Upmindri,  bona. 


Ohfervationes  Eclipfiunp  Secundi  Satellitis  Jcvis. 


IL  Sat. 

oa.    27 


Anno  Domini  1700. 


8.  24.    o     8.    23 


E. 


6i 


I 


I^Sequcnics  Oblcrv^ti- 
j  ones  Telefcop.  16 
I  pedali  faflae  fuere. 
^  Dubia  propter  vapo- 
I  res.  D.  Flamfteedii 
j  Minider  obfervavit 
(^     circa  8.  16' p.m. 


a  Sat. 
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IL  Sat. 

Dies 

Mends. 


Tcmpus 
sequale. 


Tcinpus 
apparcns. 


I'cr   i  ao. 
Flamltccd. 


Quaiii, 

Locus 

Eclip- 

Jovis 

fis. 

Helioc. 

Jun.      29 
Jul.       31 

oa.    21 

—  —  28 

Nov.    22 


H.     M.     S.    1  H.     i\l.     S.    I     H.     M. 

Anno  Domini  1701. 


I    Grad.    I 


Inter 


10. 
10. 


10. 


52 
33 

51 
29 
34 


I.    , 

SK  28i 

I. 

H     I 

E. 

H     8jr 

E. 

K     9 

E. 

H  iii 

Dabia  ob  vapores. 
Nubilofum, 

Bona. 

Bona. 
Bona. 


AiinoDoiDnij  1702- 

I. 

Aog.     26 

9.  46.    0 

10.      17 

Immerittna  inveai. 

Sept.       9 

—  —  ^ 

5»5-    o-  5» 
7,  —    I.  5» 

>S-     35 

I. 

r  8 

Bona. 

oa.    15 

—  —  _ 

C  7.    5.  21 

C  —      7-22 

7.     30 

E. 

r  iii 

Bona. 

—  —  22 

- 

C  9.  40.  38 
^  —  41.    0 

C  ^  4.2    13 

10.        8 

I. 

T  12 

Bona. 

8.  41.     9 

Anno  Domini  1703 

I. 
I. 

«     9i 

d  24 

«     20i 

Aog.     2C 

oa.     5 

Dec.     19 

9.  50.    0 
15.    3.   0 

8.  38.     7 

10.     11 
15.     19 

9.        6 

rmmerfum  inveni. 
Immcrrus  ante. 
Buna. 

12.  15.  29 

Anno  Domini  1704. 

I. 
I. 
I. 

n  12 
n  16 

n  TO 

Aog.     20 

oa.     5 

16 

12.  15.  34 
^17.  10.  44 

t  —  "•  14 

9.    2.  19 

12.    32 

17.    32 

9.    32 

Bona. 
Bona. 
H^ud  mala. 

iJ.  Sit. 
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Dies 

Mends.     I 


'J  cm  pus 
acquale. 


Temp  us 
apparens. 


C.lculaiio 

QiiAlis 

Locus 

Flamilecd. 

Eclip- 

Jovis 

fis 

HeJioc. 

I  H.     M.     S.    I   H.     M.     S.   I    H.     M.      | 


Gr^d. 


Jan.  1 2 

20 

Feb.  1 4 

Mar.  25 

Apr.  26 

Sept.  ^9 

Oft.  31 

Dec.  20 


{ 
{ 

\ 
\{ 


10.  30.  23 

—  3'.  H 
7-  45-  31 

10.  15.  10 

16.  26.  II 

—  26.  26 
15.  55.  20 

—  56.  26 

9.  49.  30 

—  f;o.  10 


Anno  Dcrn 

ini  1705. 

7.  47.    0 

8.      14 

10.  16.    9 
—   17.    0 

10.     50 

7.  32.    0 

8.        1 

10.  12.  30 

10.      36 

—   13.  25 

10.    4.    0 

10.      29 

16.  39;  n 
--   39.  26 

16.      48 

16.  10.  52 

16.      27 

—    !»•  49 

9.  45.  36 

10.      1 1 

—    46.  16 

E. 

n  24i 

E. 

n  25i 

E. 

n  ^^h 

E. 

S     0 

E. 

S     3i 

I. 

©  i6j 

I. 

■B   19 

I. 

ffi  23 

Emcrfit  ante. 

Bona. 

Vaporofus  aer:   dub. 
^Inccrta  propter  vici- 
\     nitatem  primi  Sat. 
Vaporofus  Horiz.  dub- 

Bona. 
Bona. 
Bona. 


Apr.      20 


AnnoDonfiini  1706. 

8.   s5^.      30  I         9.      31 


E 


ol  3         Fuerat  emerfus. 


'3 

20 

H 
21 

10.  28.  14 

'       7-  33-  '7 

5  'o-  9. 33 

Anno  Domini  1707. 

E. 
E. 
E. 

E. 

a  28i 
^  29 

Mar. 
Apr. 

7.  59-    0 
10.  23.  94 

7*   35-  39 
10.  12.  51 

—  14.  17 

8.      18 

II.        5 

8.       9 

10.     45 

Emcrfit  ante. 

Dubia. 

Dub.  propt  nim.  luCem. 

Bona. 

Mar. 

4 

,                  1,           ■ 

Anno  Domini  1710. 

,7.       5.    o| 

I. 

np  2Ti 

Nubilum,  &  incerta. 

Jul. 

15 



Anno  Domini  171 1. 
9    16.     0  1       9.       6 

E. 

XP    li 

Nebulofam  Sc  dub. 

12 

7.  35-    6 

Anno  Domini  1712. 

E. 

;:;:  lo 

oa. 

7.  50.  30 
d—   52-  30 

7.    58 

Bona. 

I 
3 

—    —    — 

Anno  Domini  17 14.  | 

E. 
E. 

r  18 

r  2ii 

Nov. 
Dec. 

J    6.  14.  26 
1—    IS-    0 

6.5s 
6.  34 

Incerta  ob  nubcs. 
Bona. 

22 

Anno  Domini  1716.  | 

E. 

n  27i 

Dec. 

4-  55-    o| 

I 

Emerfio  ante  fuit. 

II.  Sat. 
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JL  Sar. 

Dies 
Menfis. 

Tempus 
sequale. 

iVmpiis 
iippurens. 

Fhmft.  & 

Mol;-n. 

Qualis 
Eclip- 
fis. 

j  Jovis 
1  Helioc. 

1  H.     M      S      1  fl.     ...     S     .    H.     :V.. 

i 

1    Grad. 

1 

Jan.       30 

AnnoDoinmi  17 17. 

—     —    —             7-   :^4-     0  I       7-  A^ 

E. 

S     I 

Emcrfum  inveni. 

_    _     _ 

Anno  Domini  1725. 

E. 

K  19 

oa.      30 

9.  16.  23 

—    17-     0 

—       IT.      I« 

8.  46  M. 

Bona  obfervatio   Tclc- 
fcopio  1 2  i  pcdali  opt. 

r  8.   52.  25 
L—  53-  55 

Anno  Domini  1726.  j 

I. 

E. 
E. 

r  17 

r  15 

■   - 

Aug.     18 

oa.    17 

Nov.     25 

8.  54    52 

—  56.  22 
6.   12.    0 

r  8. 27.  15 
1—  28.  0 

8.  58  M. 
5-  53  M. 
8.  16 

Bona. 

Dubia. 

Non  mala,  Windcfon^. 

Obfervationes  Ecltpftum  T'ertii  Satellitis  Jovis. 


lll.Sat 

oa 


'*^- 1  I  Anno  Domini  1700. 


6.  23.  !(:  I     6. 


—    —    — 

AnnoDomini  1701. 

I. 

E. 

K    6i 

Jul         11 

Sep.      28 

10.   18.     c       10.      II 
C  10.  25.  27 
^ —    26.    0       10.      12 
^—   26.  42  1 

Dabia. 
Bona. 

Inter 

AnnoDomini  1702. 

E. 

I. 

r  4 
r  5 

Jul.       26 
Ang.      2 

10.  51.  13     10.     33 

Dubia. 

Nubes  interrumpebaril. 

III.  Sat. 
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III.  Sat. 
Dies 

Mends. 

Tempus 
sequale. 

Tempus          Calcu^Lio 
apparcns.         Fiamltec- 
dii. 

Cj^alis       Locus 
Eciip-       Jovis 
fii*              Helioc. 

' 

, 

H.     M.     S. 

H      M      6.    ,     1.       W       1                ;     Gr^id.    1 

Jul.         1 2 

Aug.     24 

Sept.       22 
29 

oa.      6 


Anno  Doinim  1703. 


14.  46.    0 

_^'S- 

32 

(  '3-  43-  .20 

V 

)—  44.  zo 

>'3 

4 

)—  44-  51 

3 

C  16.     6.  36 

«S- 

40 

8.     9.  53 

7- 

yo 

<v    9-  57.  44 
C>2-    8.  17 

$>• 

«7 

II. 

5« 

14.    0.  30 

—     I.   50 

>3- 

19 

—     z.  50 

I. 

«     6 

I.   7 

p> 

«     10 

E-    S 

E. 

W     I2| 

.^} 

«     13 

I. 

b     14 

Fuit  Immerfus. 
C       Optima  obfervatia 
3  Immcrfionis:  at  fom- 
^no  invadente,   nimis 
C  fero  Emerfionem  vidi. 

Immerfio  accariie 
)vira,  fed  Emeriio  du- 
^bia  propter  viciniu- 
,tem  Jovis. 

Bona. 


In  Obfervationibus  Aug.  24.  Sep.  22,  29,  &  Odl.  6.  notandum  eft,  Latitudinem  tertii  Satellitis 
majorcm  fuiflc  quam  Flamsteedius,  aut  Cassinus  conje£larunt.  Nam  ifte  Satelies  ufq;  ad 
exrremum  Poli  Jovis  marginem  evagatus  eft,  &  ( antcquam  in  ejus  ambram  prorfus  immerfus  eft) 
diu  in  ejus  penumbra  latuit :  8c  in  eadem  umbra  non  ultra  duas  boras  permanfifle  autamo,  quam- 
vis  poft  OWervationes  Aug.  24.  &  Sept.  29,  monim  diuturniorem  fuifle  videatur.  Scd  in 
priore  obfervatione,  veram  non  vidl  Emerfionem  :  8c  in  pofteriore  (cum  :fc  0  ^  fuerit}  Emerfio 
Jovis  limbo  um  propinqua  fuit,  ut  difficile  fuerit  cam  cum  Telcfcopio  i6  pcdali  vere  obfervarc. 


14 

Inter 

Anno  Domini  1704. 

E. 

n  ,4i 

Sep. 

^16.  58.    0 

\i7.  10.     0 

16.    32 

Nubilum  co^Iam. 

oa. 

Nov. 

20 
3 

10.  14.  34 
18.  iz.  16 

10.  28.  40 

—  30.  33 
18.  27.   17 

9.   48 

«7-    45 

I. 
I. 

n  ,7 
n  i8i 

Bona. 

Bona,  licet  aer  nebulof. 

»4 

fio.    7-    5 
\-     9-    4 

Anno  Domini  1705. 

I. 

n^+i 

Jan. 

9-  53-  57 
—  55-  56 



Bona. 

feb. 

26 

10.    9.  32 

9.  58.    7 
—   58-  42 

—  —  — 

I. 

n'zsi 

Bona. 

oa. 

Nov. 

6 
25 

Inter 

ri7. 18.  0 

L—  *7-    0 
7.  41.    0 



E. 
I. 

S    17 
S  21 

f    Incerta  per  Nebu- 
\\ii  denfas. 

III.  Sac 
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lil  Sat.     I       Tempua; 
Dies      I       arauale.  \ 
Menfis.    I 


Tempua 
appareoa* 


CaJculado 
FlamAee- 
dii. 


Quails 
Eclip-- 
fis. 


Locus 

Jovis 

Hclioc. 


|H.    M.    S.    |H.    M.    S.    1     H.    M. 

1 

Grad.   1 

—     _    :— 

Anng  Domini  1706. 

E. 

I. 
I. 

Si    0 

a  ei 

Mar.     13 

—  —  20 
Nov.      4 

:\  8.52. 27 

2-=- 54-    0 

9-  *4-    • 

.16...  50.  27 

■    7.    36 

=    9.     3' 
16;    50  . 

Bona. 

Dubia  ob  %  ?icinitatem 
Noo  oiala. 

18.  41,-37 
S 19-  19'  38 

AnnoDomipi  1707. 

lE. 

:  E. 

!  I. 

nt  3i 

W  i8i 

«  19 

Maii    :i7 

Not.    26 

Dec.       3 

8.  i7.'.o 

i8.<49.  IS 

1   19.;  24.    I 

—   ts-    9 

18.    41      . 
'«9-    25 

Emerfum  iavei^. 
Bona. 

Feb.       5 


Anno  Domini  1709. 
i—  37.  4       ~  22.  oT^-    20      ^ 


I.         I  A    2li 


Jul. 


«4 


AnnoDom 

9 


Sept.    16 

oa.    29 


Anno,  Domini  17 12, 


S  6.  is,  30 
2 -tgr-  a 


Dec. 


Sep.      17 

oa.    23 


8.  26.  56 


7.    22.      O 

'  —  23.    o 

\ —   25.    o 


AnnoDomini  17 14.  | 


8-  36.    .9 


—  ai.  ^  ^.  ~   38—9 


7-  14-    o 
—   25.    o 

,  — r    27.     o 


8.     40 
7.  -^  - 


Deer 


-y    -^'"^' 


Anno  Domini  17 16. 


7-     37 


E.* 


>^6emini-i7i-i.|  -|    -^ 

4?'    o|     :9..4r^i    E.      I- 


Dubia. 


Dubia  ob  nimlain  lacem. 
Bona.. 


Born. 


1  j  Anno  Domini  47^1^3.1—-  ..| 

..,  6..3J^..3q4  ..-6^32^-^-1^  6,  "^  /-   E.     I  ^ 


tf^ 


Ventus  dubiam  reddidit 


^r  i3i 
Tit 


Boitt,Tubo34pedtlf.      - 
Bona,  T«bo  i0  pedali. 


*  Hie  Satelles  magnam 
►habetLatitadinem,  Sc 
^ni  fa]Ior,nu]Jam  pafTa 
^cft  Eclipfin  hac  node. 


Hk 


III.  Sat. 
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III.  Sat.* 
Dies    -•' 
Menfis. 

Tempus 
aequale. 

Tempus 

apparens. 

Calculatio 
Fraraftce- 

dii. 

Qualis 
EcUp. 

LocuB 
Joviv 

Hrlidc. 

1 

■    • '    i 

jH.    M    S.    1  H.     M.     S.    1    H.     M.     1               1    Oi.d.    1 

—    —    — 

Anno  Domini  17 17.  J 

•j 
I. 

E. 

»^o'. 

J.:n.      17 

^    5-  52-  «3 
<—    S3.  4S 

1 ) 

Bona.  .    .. 

Jan.        5 
Dec.     15 


10 


C  6.  41. 

2—  4*-  3<^ 

5  7-  »3-  29 

i—    14.  42 


•  I    • 
E. 


K  256 

r  ift 

L 


f  Bona,  Tcltfcpp.  laf 
Z  .  pc^L  ,  -  .  . 
Bona. 


Obfervatttm^s  Eclipfiutn  $^arti  Satellitts. 


i      ' 


Juii. 
Sep. 


II 

3 


Annd  Domini  1701. 


14.  20.     o  1 14 

13.  59.  01I4 


4-     35 

21 


I. 
E. 


HZ  27 
^     4i 


Immerfum  inveni. 
Idem  per  nebulas. 


Sep.      30 
Dec.       6 


AnnoDonqfini  1704. 


9v  21.42 
9.  52.  44 


40 


£. 


n  15^     Ncbiriofam,  H«<J  dnWa. 

C  Dubia  ob  prozimiti- 
1121^    <J      tem  Jovis,  8c  par- 

C     yiutcm  Satel. 


--•t 1 

Feb.      Ill       8.  38.     51 


—  T  Anno  Domini 


8.  2f .     8  I    S 


fl^      I  -  r.  -    f  n  -yy    I  Non  mala. 


Mar.     20 

Sep.      20 


9-     3- 


Anno  Uomini  '1706.' 


8.  58.  40 
16.  24.    o 


,1: 


»7 


Ang.    20 
Sept.      6 


inter. 


AniioDominj  1712. 


S"  8. '29. 
C—    39- 


o 
39-  o- 
;  7.  43-  o 
,—   44-    o 

.—  45-     o 


10.    II 


9.    20 


I.    la  15. 


^Non  mala. 
Imm«rriim«iiiveBi. 


-S 


«*    7 


\  I 


Bona. 


Remarks 
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Remarks  on  the  foregoing  Tables. 

As  exaA  Tables  to  calculate  the  Eclij>fes  of  the  Circwnjovialsi 
would  be  of  very  great  Service  to  find  the  Longitude  ofJPlaces ;  fo  I 
have  feme  Hopes  that  thefe  Obfcrvajcioas  of  fotnc  of  thcra,  in  more 
Revolutions  than  one  of  Jupiter  ia  his  Drb,  may  be  of  Ufe  to  cor- 
reft,  or  make  fuch  Tables. 

""The  ^reatetl  ■ChaTm's'trj  "(hem  were  caufea  by  (bme  danjgerous  Fits 
of  Sicknefs,  w4iich  fo  inipai|-ed  me,  that  I  have  not  darqd,  ever  fince, 
to  venture  upon  Obfef vations  at  uhteaffbnlble  Hours  of  the  Night, 

As  to  my  Manner  of  obferving,  it*  was  for  the  moft .Part.witka 
16  Foot  Telefcope,  and  afterwards  wltjli  an  excellent  one  not  inferior 
to  it,  of  12^  Feet,  that,  at  Jupitet^s  Ljght,  bears  an  Aperture  of  2^ 
Inch^,  and  a  Charge  of  about  2  Inches.  

And  as  to  the  ^me  \   I  made  ufe  of  an  excellent  and  well-adjufted 
Clocky  corre6t?d  at  Notafi^  :by  the  McridionaJ  TranfiCs  of  the^Suh, 
obferved  with,  the  Inftrum^t  defcribed  in  the  Philof.  TranfaSf.N^    • 
291,  wiiich  flicws  the  Noon-time  .to  one  or  two  Seconds.   This  Way 
fome  of  my  fkilful  Friends  fufpedcd  to  be  fallacious^  and  not  com- 

f  arable  to  taking  the  Time  by  Altitudes  of  .the  Sun,  or  fix*d  Stars, 
or  a  Trial  therefore*  we  qbferved  foitie  Eclipfes  that  were  agreed 
on^  which  when  comparod^  we  found  flb  nicely,  to  agree,  as  t^fl^wj  ^    * 

to  a  Second  of  Time,  or  jvery  nearly  fo,    the '  DiSerence  of  the'   ' 
Meridian  of  the  Obfervatorj/j  and  that  of  Upminfier. 

The  greateft  Part  of  the  Eclipfes,  that  were  the  moft  accurately; 
made,  may  eafily  be  diitbgiiifhed  by  the  two,  or  more  Numbers  of 
the  Time  of  Obfervarion:  The  firft  of  which  flipws  the  Moment  of|  .  > 
the  Beginning  of  the  Eclipfc ;  the  following^  the  Tinges  when  ftir-j 
ther  advanced:  As  in  an  Emerfion,  th^  jfirft  Number  fhews  the  Time,' 
when  the  Satellite  appears  like  a  fmall  ^bfcure  Spot ;  thi  following 
Numbers,  when  brighter,  or  quite  emeijged  out  of  Jupiters  Shadow  i 
and  fo  contrariwife  m  an  Immerfion.      j 

For  greater  Certainty  and  Satisfa^tioi,  I  have  rioted  which  OWer-. 
vations  were  good,  wbichdoubtful,  or  pad:  Eveh  the  latter  of  which) 
may  be  of  Ufe  hi  fome  Cafes,  where  better  are  wanting. 

The  calculated  Times  bf  the  Eclipfes!  I  have  inftrted,  where  I  had . 
them  from  others,   or  could  calculate ,  them  my  felf,   as"  being  of 
good  Ufe  to  amend  the  Tables  of  Mr.  Flamjleedj  Caffini^  or  others^ 
taken  Notice  of  in  the  Column  on  Furpofe.    And  for  the  fame  Rea- 
fon  I  thought  jgood  to  add  the  Place  ot  Jupiter  alfbi 

And  laflly,  I  mention  the  Length  atid  Power  df  the  Telefcopc  I 
ufcd ;  becaufe  Obfervations  piay  differ  feveral  Seconds,  by  the  diffe-  , 
rent  Length  and  Goodnefs  of  the  Telefcope  ufed ;  a  long  and  good 
Tclcfcope  fhewing  the  Satellite,  when  the  Shadow  of  Jupiter  doth 
but  jufl  touch  it :   Whereas  a  Ihort,  or  bad  one,  dotlvnot  fhew  it, 

H  h  2  until 
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until  one  Half,  or  more,  of  the  Satellite  is  enlightened.  Which 
Difference  is  moft  remarkable  in  the  Eclipfes  of  the  two  outer- 
moft  Satellites,  in  their  greateft  Latitudes ;  at  which  Times  they  go 
into,  and  covnt  out  of  Jupiter^s  Shadow,  in  an  oblique  and  longer, 
not  a  direft  and  fhorter  Path :  An  Inftance  of  which  may  be  feen  in 
the  Obfervations  of  the  Eclipfes  of  the  Third  Satellite  in  the  Months 
of  Auguft  and  September^  *703^ 


JupitcrV^/      Month, 

tellittSi  from 

1721  toijzt). 

by  Sign.  Bi 

anchini  and 

others.   N« 

407.^.35. 


TimeotObfcr  ISatel. 
vation.        |  Bclip. 


Place  where 
obfcrvcd. 


^pr. 
Jun. 


AnnoDom.  1721. 


H. 
»5 


8  46 


32 

o 


Im.  X 

Em.i 


Ac  Rome* 
Rome. 


Jun. 


Jul. 


Aug. 


9 
18 
II 

27 
>9 


AnnoDom- 

1722. 

13  20    0 

E.     I 

9  36  30 

E.     1 

9  49  10 

E.     1 

8    7  30 

K.     1 

8  26  20 

E.     I 

Rome. 
At  Alhmo. 
R$me.     ' 
Rome. 
Rome. 


Mar. 

Apr. 
May 


26 
II 

3 


~-  27 

Jua.  5 

—  —  12 

Jul  23 


--—30 
Aug.    8 


—  ^  J5 

Sep.    7 
23 


AnnoDom.  1723. 


17  1+  50 

,•5  3>  45 
j'S  48  5«Z 
i>5  43    03 

I.  I 
I.      I 

I-      ' 

18  56    0 
-    12  16  30 

•  H  II  39 
Z; 7  46    0 J 

I.  I 
I.      I 

I.      ;l 

E:   1 

II      7    20 

7  3«    0 

E.  I 
E.    I 

9  3S    0 
f  Q  .cb  i.(  7 

B.    I 

8  «7  5+ 
8  36  10 


E. 
£.  1 

£.  I 


Rome. 
Rome. 
Rome. 

Ailngolftad 
by  F. Gram- 
matici. 
Rome. 
Rom^. 
Rome.' 
Rami. 
Lisbon^  by 
F.  Car  bone* 
Rome. 

At  OcriioU 
inF^dFia; 
minia. 
At  J0\t^ 
Ombria. 
Urbino, 
Lisbon. 
At  Muzeria 
in  Ombria. 
At  Aibano 
in  thc/^4i 
Afpin. 


I  Days  ot  the  I 
Month.     I 


TimcofObicr  I  S^tcl.  j  I'lace  where 
vation.         |  Eclip.  |    obferved. 


Jun* 

Aug. 
Sep. 


Nov. 


Dec. 


8 

>5 

23 

30 
10 

LI 

|i 

18 

«5 
II 


—     M 


27 
12 

•19 

30 


AnnoDom.  1724. 


H.   '     " 
S  14    3  287 

13  42  50 
34  *9l 
8  5Si 

45  20 


d»4 

.    10 


12  40  4S 
9    645 

7  30  53 

9  28  16 

5"  25  S5l 

d  9  59  .2«  5 

9'«    « 
C   9  3»     o  - 
^11    7    o7 

C^    9  303 


8  16.    a 

5  83  10 

r.^S.:  ,5/ 
14    b  * 


6  42  25 


E. 

E. 

E. 
£. 
E. 

E. 

E/ 

^•i 
I. 

E. 
E. 

IE. 
I. 


E.     I 


Rome. 

Lisbon- 

Rome,  bat 
doubtful. 

Rome. 

Rome. 

Rome. 

Rome. 

Rome. 

Lisbon. 

^Atbane. 

From  the 

Limb  of  % . 

into  %  Sha- 

^ow.Jlban9. 

Albano. 

Rome. 

Rome. 

At  P^li»  in 
China,  by 
F.Koegler 
t\i^  Jefait. 

Rome. 


'AnnoDom.  1725. 


I  Jua. 
July 


19 

5 

—  —    21 


—  ^.28 


I 


15  17  lo. 
^3  32  ^o 

^  H  is  30 

Jii  45  22? 
A!^39  355 

'5»3  3.9  io7 


I. 


I. 


Rome. 
Atbano. 
Pekin. 
Rme^ 

nttrLvtdon. 

Rme. 

Lisbon. 


Days 
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Days  of  the  I  Time  of  Obfer  |  Satcl.  I  Place  where 
Month.    I       vation.        |  Eclip.l    obfervcd. 


Dayaof  rhe  |  TimeofOblcr-j Satcl. 
vation.         )  Eclip, 


Month. 


I 


Place  where 
obfer  ved. 


Nov. 


Dec. 


»5 

»4 

>7 


{ 


H.    '     " 
9  53  507 
8  14  505 
6  15  15 

6  20  30 


E. 
E. 


Romg. 
Lisbvn. 
Rami' 
RonU' 


AnnoDom.  1726. 


Jul 
Aug. 


Aug. 


Sept. 

oa. 

Nor. 


Dec. 


RoTte- 
Ingolftad, 
Lhbon, 
St.  ^irico 
\xi7ufcany. 
Ingolftad, 
Siena  ia 
Tufcany 
Lisbon, 
Florence.  ' 
Lisbon. 
Bologne. 
BiMn\  Jit 
Man.  J  Bo/ 
Ingoljiad> 
Paris. 
Lisbon. 
Su^irice. 
Ingolftad. 
Paris. 
St.  ^iirico. 
Rome. 
Lisbon. 
Rome. 
Rome. 
Bologne. 
Paris. 


Jan. 
Feb. 

Mar. 


>5 
16 

26 


AnnoDom.  1728. 


13  13  46 
9  46  56 

8  32  7 


E. 
E. 
E. 


Rome. 
Rome. 
Rome. 


*  Obfervations  made  at  the  Obfervatory  of  Bo' 
lognif  by  Sigikor  Euflaebim-Manfreii. 


31 


Anno  L)om.  172b. 


Aug. 

16 

15  29    0 

—    — 

25 

II  54  H 

Nov. 

27 

9  35  " 

Dec. 

4 

II  27  45 

—  — 

26 

5  47    4 

-s-    — 

7  5^  23 



2p  59  26 

6  18  54 


r. 

E. 
E. 
I. 


E.    2 


Dubious. 

Dubious. 

Dubious. 

Dubious. 

Dubious. 

The  third 
began  to 
emerge. 

Juft  begun. 


AnnoUom.  1727. 


Mar. 
Aug. 

Sept. 
Oft. 


Anno  Dom. 

lyi] 

8 

6  42  so 

E. 

Cis  18  27, 

1. 

5 

V15    0    87 

C  12     0     o9 

f. 

6 

<»>  55  '5  >■ 

C"   «9  43  J 

I. 

»S 

10  41  30 

1. 

20 

6    5  54 

1. 

22 

12  33  23 

1. 

Rome. 

Rome. 

Rome.  . 

Paris. 

Rome. 

Bfiegne. 

Paris. 

Albano. 

All  a  to. 

AWnm. 


Jan. 


Feb. 

Aug. 
Sept. 


5 
7 

7 

8 

21 
6 


Oft. 


Nov. 


9  45 
II  53 


5 


13 

22 

23 
30 

5 
30 


\\ 


w 


27 
38 

54 
12 

5 

54 
59 


S« 

54 

50 

5* 
8  37 

>3  34  39 

»«  55  "7 

10  48  59 
2  40  30 

16     5  4S 

12  29  42 

8  55  34 

11  i  9 

9  5  »5 
.8  44  13- 


5.^ 


3 

1 

E.  2 

I. 

E 

E.  2 

L  I 

I.  I 

I.  I 

E.  3 

I.  3 

r.  '2 

E.  '2 


XXXIIL 

4]  J?r//>/^/ 
^tfw  1726,  to 
1727.  obferved 
at  Bologne,  by 
EufL  Man- 
fredi.  N** 
407.  f.  36. 


Dubious. 

Dubious. 
Air  thick. 


Dttbioufk 
Dubious. 


Jan. 
Feb. 


Anno  Dom. 

1728. 

29 

8  41   8: 
943  II 

V  6  40  45 
i   8  50  40 

Dubious. 


.*  The  Obfervations  of  S»g.  Biancbini  were  made  with  a  Telefcope  of  Camfanis  grinding,  of  23 
■J  Romnn  Palms ;-  thofe  of  F.  Carbone  by  another  of  the  fame  Make,  Length  and  Ooodncfs.  The 
Obfervations  at  Paris  were  made  by  Monf.  MaraUi.  They  were  all  communicated  by  Sir  Thomas 
Derebam  at  Florences  jput  in  this  View  by  the  RevtrtndJ^r.Derebam,  who  fuppofes  there  is  a  miilake 
iaihe  Obfervations  of  Nov.  30.  1724.  that  it  was  an  Emcrfion,   nok  an  Immerfion.  1 

I.7.23- 


2$S 

$)  EeUpfti  of 
mfirft  Sa- 
ttlilUf  at 
Lisbon,  by  F. 
Cirbonc. 
N«  385.  p. 
185.  N.  $. 


6]  Jt  Rome, 
Albano,  y^. 
h  ^^i-  Bian- 
chini.  N^' 
396.  A  176. 


Fig.  106. 


Fig.  107. 
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Emerftones. 

Die  23.  Julii 
Die  7  Septemb. 

1724. 

Immerfiones. 

Die  8  Jun.  mane 
Die  15 


H. 

7 
8 


47 
21 


00 
48 


2 

3 


03 

56 


28 

27 


Die  30 

Emer/iones. 

Die  2  Sept. 

Die  9 

Die  25 

Die  4  Odob. 

Die  18 

Die  3  Novemb. 


H. 
2 


08 


9 
II 

9 
6 

10 
8 


34 

59 
26 

21 
42 


51 


57 
26 

21 

44 

2C 

3c 


Praec.  Obfcr.  habitse  funt  Telefcopio  Palm.  Rom.  30.  Jof.  Campani. 


Med.  TSIoEt. 


H. 
2 


M. 
48 


S. 

30 


o  30 


3  26 
3  27 


39 
40 

41 


20 


10 


o 
20 
50 


I  4^  50 


3   ^4-    29 


1724. 
8  Jun.  In  Caftro  Vifcardi^  fupra  Vulfinium  in  eo- 

dem  fere  Meridiano  cum  Vulfiniis  (vulgo 
Bolfena)  SacelJes  fccundus  B  ex  umbra  Jovis 
emerferat,  &  ita  configuratus  vifcbatur  cum 
caeteris.  Fig.  106. 

Satclles  tertius  C  fubit  limbum  Jovis  c 
direfto  fafcias  mediae. 

Satellitis  intimi  A  incipit  lumen  imminui. 
Totalis  ejufdem  immerlio,  reliquis  Sacel- 
liribus  B,D,  &  fafciis  pcrfpicucapparcnribus. 
24  Jun.        i?^w^5,obfervata  eft  turn  immerfio  Tecundi 
Satellitis,  turn  primi,  iu  configuratis  Jovia- 
libus.  Ftg.  107. 
Satellitis  fecundi  B  incipit  lumen  debilitari. 
Omnimoda  ejufdem  immerfio. . 
Etiam  Satellitis  primi  A  lumen  imminui 
jam  incipit. 

Lux  ejufdem  omnino  difparet,  caeterorutn 
lumine,  &  fafciarum  adfpeftu  hitidiffimc 
perfeverante. 
Kd.  Jul.  Illuccfcentc  Aurora,  Roma  immerfidto- 
Ulis  intimi  Satellitis  Jovis  clariffimc  fpedhita 
'  eft  i  cum  ante  minuta  fecunda  horaria  g^' 
circitcr,  lumen  ejufdem  coeperit  debilitarL 
caeteris  Satellitibus  &  fafciis  pcrfpicue  appa- 
rcntibus,  coelo  clariffimo. 

18  Aug. 


H. 

o 


II 
9 


M. 
40 


27 
53 


S. 

45 
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23^ 


o     41     £5 


"     25    55 


18  yfe^.  iSm<?,  intimus  Jovis  Satelles  ex  umbra 
coepit  emergere,  &  pleniffime  luccbat  in  A, 
inter  limbum  Jovis,  &  fecundum  Satcllitem  Fig.  108. 
B,  ^ui  a  limbo  Jovis  diftabat  fenoidiametro 
circiter  Jovialis  difci.  Satelles  A  emcrhc 
ab  umbra  inter  duas  fafdas  corporis  Jovialis 
inferiores,  fitu  cverfo  in  Telefcopio. 

Obfcrvatio  fuitclariffima  &  difigentiflima, 
cceld  darifllmo. 

23  Se^t.       Roma,  intimi  Jovis  SatcJJitis  initium  E- 
merfionis. 
Totalis  recuperatio.Iuminis. 

1 1  Off.        Albania  ejufdem  intimi  Satellitis  initium 
Emeriionis. 


Tempus  Verum. 


H. 
6 
6 
6 
6 


9 

9 

n 

II 

7 
5 
6 


9 
44 
14 
19 


2  29 

2  55 

II  27 

II  45 


^51 

10  45 

i«  -4« 

7  9 

6  4^ 

7  4 
10  20 


i 

6 

45 
27 
42 

26 


S. 

o  p.  m. 
oVcfp 
o  Vefp. 
oVcfp. 


o 

o 
o 


30  Vefp. 

-Mane. 
Vefp. 
Ve/f. 


Vefp. 
Vefp. 
Vefp. 

30^:4 

40  Vefp. 
30  Vefp. 
30  Vefp. 


Nov.    5. 
20. 

30. 
Dec.  23, 


Jun.  23, 

Julij     9. 

Aug-    9- 

31- 


Sept.  19. 

oa.  2. 
10. 
II. 

15- 


19. 
.  fed' 

27.' 

Nov.    3. 

19. 

20. 


17  M- 


7]  5r///i/j  ^/ 

Jup.  Satell. 
at  Pckin  iVf 
1724,  s^J 


Satelles  3^  immerfus  eft  in  %  umbram.  ^^  405.  /. 
Satelles  2"-  prodiit  ex  umbra  %.  ^53- 

Sat.  i"»-  ex  %  umbram  cmerfit. 
Ecnerfio  Sacell.  i.  ex  umbra  %. 

1725. 

Satelles  3.  fubiit  Jovis  Umbram. 

Sat.  i«*  in   %  Umbr. 

Imm.  Satell.  i.  in  It  Umbr. 

Satell.  I  Sc2^  %'m  <S  proxima pene in 
unum  coalefcebant.  Non  potuit  difcerni 
quifnam  prior  Jovisumbr.  fubingrcffusfit. 

Emerf.  Sat.  i.  ex  It  Umbra. 

Emcrf.  Sat.  i  ex  It  Umbra. 
•  Idem  Satell.  (  emerlit. 

Ejufdem  Emerlio. 

Satell.  3*-  prodiit  a  tergo  Jovis. 

Dein  difparuit  in  Umbr.  %. 

Tandem  ex  cadem  Umbra  emerfit. 

Satellitis  !•  Emerfio. 
"  SateJ.  ^'s- emerfit  ex  Tit.  Umbra. 

EmerfT  i.  Sat.  ex  %  Umbra. 

Emerf.  2.  Satell.  ex  Ulnbra  %. 

Emerf.  i .  Satellitis. 

Ejufdem  Sat.  1.  emerfio. 

Sac.  c:"5-  coepit  e'mererf^re  ex  %  Umbr. 


1724. 


Eclipfes  of  JupiterV  Satellites. 


G  Lynn, 
m  NO  393. 
p.  66. 
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1724- 
8]  Eclipfes  of      Novemh.  8th,   7^*   37'  f  the  firft  Satellite  of  Jupiter  began  to 
Sat.  Jupit.  in  emerge :  The  fame  Day  at  G^  24  2(/.     The  third  Satellite  began 
17*4.  i72S»   to  immerge, 

Southwick  //»        ^   ,  -,  ,         -        .       r«. '^'.    1  #*       1,.       .  «        1         • 

Northamp-         July  3 1  ft,  lo*^  43    2o^     The  third  Satellite  immerged,    that  is 
tonfhirc,  by     I  quite  \oft  Sight  of  it,  at  a  little  above  a  Semidiameter  from  Ju- 
piter^  but  it  began  fenQbly  to  abate  of  its  Light  above  three  Minutes 
before. 

Auguft  9th,  iih  51'  2o^  I  loft  Sight  of  the  fecond  Satellite ;  but 
it  began  fenfibly  to  abate  of  its  Light,  about  two  Minutes  before* 

Auguft  18th,  yh  25'  50".  The  firft  Satellite  immerged  very 
near  Jupiter^ s  Body.  • 

The  fame  Night,  both  my  felf  and  Son  plainly  faw  the  Shadow 
of  the  third  Satellite  pafs  over  Jupiter^  Body,  like  a  fmall  black 
Patcli,  tracing  along  the  Middle  of  his  bright  Belt,  above  the  moft 
Southern  Black  one,  and  was  in  his  Axis,  as  near  as  I  could  guefs 
by  the  Eye,  at  10^  25,  or  30'. 

N.  B.  We  could  fee  it  for  about  the  middle  Half  of  its  Track, 
but  not  near  7«/?i/^r*s  Edges. 

O£lob.  I  ith,  6^  3 1-  45^:  The  third  Satellite  began  to  emerge,  and 
was  full  three  Minutes  and  a  half,  before  it  was  at  its  createft  Luftre,. 
which  I  could  then  well  judge  of,  by  comparing  it  with  the  firft  Sa- 
tellite, which  was  juft  a  little  above  it,  but,  nearer  Jupiter.     It  came' 
out  of  the  Shadow,  about  half  a  Diameter  from  Jupiter^s  Edge. 

Decemk  26th,  5^  51'  i2^  The  fecond  Satellite  began  to  c-' 
merge. 

1727. 

Jam.  5th,  6h  28'  30^^.  The  third  Satellite  began  to  emerge. 

Thefe  Obfervations  were  made  with  a  thirteen  Foot  Tdefcope 
whofe  Aperture  was  2.4  Inches,  and  charged  2.5  Inches,  all  by  ap- 
parent Time. 


9]  Eclip/fs  of 
tbefirjf  Sa- 
tellite    of 
Jup.  1725, 
1726.  by  F. 
Carbone  at 
Lisbon.    N<> 
394-/-90. 


^emp.  Ver. 


H.  M.    S. 

12  12     26 

12  II     35 

15  o     10 


Jul.  28 


^7^5^ 


Immergi  vifus  eft  intimus  Satelles,  in  urn- 
bram  Jovis  veram. 

Coeperat  vero  debilitari  lumen. 
Sep.  12  Emerfit  ab  umbra  vera  jQvis,  ccelofatis 
fereno  5  verilm  ob  Jovis,  cum  Sole  oppofiti-; 
oncm,  quae  feptem  ante  diebiis  contigeratp 
adeo  Planetae  difco  proximus  erat  Satelles, 
ut  ab  ejus  nimia  claritatc  ofFufcari  aliquan- 
tulCim    potuerit   in    primo   fui  ab  umbra 

^reflu  ; 


Wcr 


2. 


i? I.  /'/a/^  XII  /t7/.  VLJ^a/t  \./;afe  £.40 


Occ         Or\ 


Occ. 


^y^i?3. 


P  A  C  * 


yy.  /  V 


BA 


* 
3> 


* 
C 


I'l^.    /O^ 


A  B 


Tinujfu^ 


H.    M.    S. 


9 
9 


28 
29 


i  I  24 

{ I  26 

8  II 

8  12 

6  30 


8  25 
8  32 

8  33 


7 
a 

55 

c 

IC 

10 

4 


8  24  50 


50 
40 

30 


Eclipfes  of  JupiterV  Satellites. 


24T 


4     58     50 


6    51     10 
6    52     15 1 


egreflu  *,  ac  proinde  dubitari  poteft  de  aliquot 
fccundis. 
Sep.  14.  .       Coepitab  umbra  emergere. 

Integrum  vero  lumen' recuperavit. 
21,        Inicium  Emerfionis  ab  umbra  vera. 
Totalis  recuperatio  luminis. 
061.  23,        Initium  Emerfionis. 

1  otalu  recuperatio  lumjnis. 
Nov.  8.  Vifus  eft  Sarellcs  clarefcere  in  penumbra, 
cum  aliqua  tamen  incenitudine,  quoad  pauca 
fecunda,  de  vero  initio  emerfionis,  ob  aeris  i 
vento  trepidationem.  . 
15.  Diftindle  obfervatum  eft  initium  Emer- 
fionis. 

Recuperatio  integra  luminis. 
Dec.  8.         Initium  Emerfionis. 

Totalis  luminis  recuperatio. 

1726. 

Jan.    9.  Primo  clarefcere  vifijs  eft,  fed  luce  tenu-  »o]  Eclipfes  of 

iflima,  ob  aeris  claritatem  a  crepufculis,  ^^jfj^Qtr 

ac  proinde  non  fatis  conftat  de  vero  initio  ^^  Toulon,  I» 

emerfionis,  faltem  quoad  fecunda.  f.  Ant.  Laval 

16.  Satis  clare  ac  diftinfte  primo  emergere  imjz^.ijze. 

vifus  eft,  aere  omnino  pacato,  ac  fereno.    ^"^  594-  /• 

•     Totalis  luminis  recuperatio. 


100. 


Sept.  23. 

oa.  16. 

Nov.   8. 

15' 
17- 


Dec. 


H.    '    ^  1725, 

Emerfio  6  56  42T.V.    Dec.  24. 
Emerfio7   15  17 
Emerfio  7  31  33 
Emerfio  9  26  52 
Emerfio  5  56  34  Jan.    9. 


H.    ' 

Emerfio  7  49 

1726. 


18  dub. 


Emerfio  623  dub. 


11]  Eclipfetof 
tbefirftSit.at 
Liabon,  1726. 
^j^F.Carbonc. 
N<»  401.  p. 
408. 


Temf*  Ver. 


H. 


15 

24 

0 

15 

24 

40 

13 

46 

29 

13 

47 

47 

15 

40 

30 

15 

41 

40 

12 

0 

45 

12 

I 

52 

Maij  23 
Jul 


I. 


8. 


17- 


Immerfiones. 


Debilitatio  lucis. 
Totalis  Immerfio. 
Debilitatio  lucis. 
Immerfio  totalis. 
Debilitatio  lucis. 
Immerfio  totalis, 
Debilitatio  lucis. 
Totalis  Immerfio. 
I  i 


Aug.- 
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1 2]  Eclipfes  of 
Jup.  Satell. 
1726,  at  In- 
golflad,  by  the 
Jcfuitcs.     N^' 
405/- 557. 


!"■ 

/ 

jC 

13 

30 

Aug. 

I' 

14 

7 

33 

16. 

14 

8 

46 

16 

3 

10 

23- 

16 

4 

23 

10 

31 

40 

Aug. 

25. 

10 

32 

57 

12 

27 

57 

Sept. 

I. 

12 

29 

29 

8 

53 

47- 

10. 

8 

54 

54 

16 

21 

32 

15. 

10 

50 

12 

17- 

10 

51 

39 

12 

46 

38 

24. 

12 

47 

45 

II 

8 

34 

oa. 

10. 

11 

39 

41 

26. 

II 

41 

2 

6 

8 

52 

28. 

6 

lO 

4 

8 

6 

3 

Nov. 

4- 

8 

7 

14 

9 

57 

39 

II. 

9 

•58 

49 

0 

20 

'9 

20. 

6 

21 

29 

10 

5 

18 

Dec. 

4. 

ro 

6 

34 

Immerflo  totalis. 

Attenuatio  luminis. 

Totalis  Obfcuratio. 

Attenuatio  lucis. 

Immerfio  totalis. 

Debilitatio  luminis. 

Totalis  Obfcuratia 

Attenuatio  lucis. 

Totalis  Immerfio. 

Debilitatio  lucis. 

Totalis  Obfcuratio. 

Immerfio  in  Umbram. 

Attenuatio  luminis. 

Totalis  Immerfio. 

Debilitatio  lucis. 

Totalis  Obfcuratio.    Dubia. 

Immerfio  totalis.     Nonnihil  dubia. 

Initium  Emerfionis. 

Integra  luminis  reftauratio. 

Emerfio  ab  Umbra. 

Emerfio  a  Penumbra. 

Initium  Emerfionis. 

Totalis  Emerfio. 

Initium  Emerfionis. 

Integra  lucis  refiauratio. 

Emerfio  ab  Umbra. 

Emerfio  a  Penumbfa. 

Emerfio  ab  Umbra.     Dubia. 

Totalis  reflauracio  luminis. 


Temp.  Ver. 

H. 

M. 

-S.' 

6 

40 

3.0. 

15 

4 

20 

»3 

24 

45 

15 

16 

40 

II 

41 

20 

12 

25 

6 

II 

56 

19 

II 

43 

17 

13 

51 

52 

13 

17 

32 

15 

45 

9 

Immerfiones  (^  Emerfiones. 


Jan. 
Jun. 
Jul. 

Aug. 


Sept. 


6... 
9- 

20. 

2. 

14. 

25. 

26. 

I. 

2. 


Satelles  It  emerfitj  _Telefcop.  14.  ped. 
Immerf.  Intimi  -,  Telefcop.  fcj  pedC 
Immerfio  ejufdem  k  dub. 
Immerfio  zu  in  %  Umbr.  Tcl>  9  ped. 
Immerf.  Incimi.  Telefcop.  \t  ped. 
Immerf.  21.  eodem  Telefcop. 
Immerf.  Intimi.  Telefc.  23  ped.     / 
Incipit  emergere  ex  %  Umbr.  Satelles  3»*' 
Immerf  Intimi.  Telefcop.  23. 
Totalis  Immerf  Satellitis  31.  in  Umbram  %. 
Eodem    die    !*•  Emcrf.  3'^  e  %    Umbra 
Tel.  10.  Sept. 


H; 

IS 
17 


40 
20 


10     19 


Eclipfes  of  JupiterV  Satellites. 
ore,  "Sept.  9.     InimciT.  21,  Tcfcfc,  14. 


30 
3ocirc 


10     17     10 
39     20 


Eodcmdic  Imtn.  Intimi.  Tclcfc  23. 
Eodem  die  Imm.  plena  Satd.  3".  in 

>t  Umbram. 
Immerf.  Intimi. 
Ha  du(B  Eclipfes  ohfervata  Biturgi  reBdent'KB  CoI-» 
legii  Ingolftadieofis  \  quam  alias  definivi  in  on- 
turn  vergere  i'  40*  db  Ingolft.  Meridiano. 

10.    Immerfio  intimi.  Tclefc.  14. 
26.     Immerf.  ejufdem,  eod.  Tclefc. 
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The  following  Obfervatiohs  were  made  with  common  Telcfcopes 
of  i3»  i5>  2oi,  and  22  Foot.  ' 


ij  Foot    I  a  little  doubtful, 
ijand  22  j  doubtful  near  15", 

2$" 


to  iotne  Seconds. 

fomewhat  doubtful. 

cxaft. 

c^aft. 

exaa. 

ezad. 


.Air  foggf. 


exaa. 

to  a  few  Seconds. 

%  was  low. 


doubtful. 


doubful. 


'  1^1  Ecitpfes  (f 
the  SatelJ.  of 
%  at  Peterfl 
bufgh,  in 
»726,  1727, 

De  Liflc.  N<> 
407. />.  37- 


1:2s. 
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Eclipfes'  of  Jupiter'5  Satellites, 


1728.  D.  I  H.      '      "    I  What  Ec':v\  I    ^\.    v» 


jaa. 


Feb. 


10 


»7 


16 

18 

27 
29 


12  14  44- 

12  33  34 

5  58  7 
7      o  12 

7  S6  3» 

8  53  4 

9  55  H 
10  59  20 

^  28  20 

6  40  5 
8      .0  29 


Emer. 2 


M*r. 

10 

11 

18 

«9 

Apr. 

12 

8 

16 

12 

10 

30 

40 

Em.— 
Em.- 
Em.— 
Imm.- 
Em. - 
Em. - 
Em.  - 
Em.i- 
Em.- 
Imm. 


Em.- 
Imm.< 
Em.  . 


»5 
13 
22 
22 

13 
22 
22 
22 

»5 

22 

22 


»3 
'5 

»5 


Foot. 


and  15 


to  iome  Seconds, 
fomewhat  doubtful, 
to  fome  Seconds. 

the  wind  incommoded. 

ex  aft. 

to  Tome  Seconds, 
the  day  not  clofed. 

the  Satellite  appeared  and 
difappeared  at  difierent 
Times. 


%  was  low. 


I /^'\  Eclipfes  of 
Jap.  Satellites, 
at  Bologna, 
in  1727. 
by  Sign.  Euft. 
Manfrcdi.  N^ 
404./.  534. 


I S"]  Eclipfes  of 
tbefirft  Sa- 
tellite    of 
Jup.i9/Lisbon, 
1727.  ^jpF. 
Carbone,  N** 
404. />.  555. 


Jan.     2. 

N.S. 


Feb. 


ih.  9.  45/47^- 
h.  11-53.  38^- 

h.    6.  51'  54^ 


Aug.    21. 

Sep.       6. 

17- 


oa.    15. 

Nov.     7. 


8. 
5- 

7- 
8. 


h.  13- 
h.  II. 
h.  lO. 
h.  12. 


54'-  12^ 

50'.  5'^ 

52;-  54^'. 

37-  59"'- 

34'..  39''- 
55)-  IS''. 
48  •  59"^ 
40'.  30^. 


h.  9.  10'.  54^ 
h.  9.  25*.  47^ 


1727. 

Immerf.  32.  Satel.  Tcl.  pcd.  14. 
Ecnerfio  ejufdem.    Dubia. 

Emerf.  i^.  Satell.  Telefc.  pedum  11. 
Bononienf.  Clar. 

Emerf.  iK  eodcm  Telefc' Clariff. 
I  Imm.  y.  eodem  Telefc. 

Emerf.  ejufdem  Telefc.  ped.  14. 

Emerf.  2>.  Telef.  ped.  11.  acre  non- 
nihil  nebulofo. 

Imm.  V.  eodem  Telefc. 

Imm.  iK  eodem  Telefc. 

Imm.   li.  dub.  eodem  Telefc. 

Emerf.  ejufdem.  fubdub.  eodem  Tel. 

1727. 

Inpmerfionem  Intimi  Jovis  Satcllitis 
obfervavi  Telefcopio  pedum  22. 

Ejufdem  Satellitis  Immerfioncm  eodem 
Telefcopio. 


SaT£LL. 


Eclip/es  of  JupitST^s  Sateilifes. 


S.A  TELL.      I. 


Immerfioncs. 


1728. 
Emerfioncs. 


Jan. 


Feb. 


Mart. 


Immerfiones. 


I 


D. 

2 

10 
II 

3 
10 


19 
20 
26 
27 

3 

5 

II 

12 

19 


28 

4 
II 
18 
20 
21 
20 

4 

13 

20 
27 


H. 

10 
o 
6 

2 

4 


21  10 

14  26 

44  10 

30  42 


II      10 

»3      5 


22 
50 


5 
o 


.  o 

7 

2 

9 
10 

5 
o 

7 

.      9 
20     10 


5 

7 

9 

II 

5 

7 

I 

5 
I 

3 
5 


17  50 

40  44 
8  20 

32  33 

o  o 

5»  50 

20  o 

45  18 

13  27 

5  40 

59  o 

27  20 

22  o 

16  40 

12  30 

41  50 

58  55 

.12  12 

6  o 
50  o 
26  15 
19  30 


Vefp. 

Mane. 

Vefp. 

Mane. 

Mane. 

Vefp. 

Vefp. 

Mane. 

Vefp. 

Man& 

Vefp. 

Vefp. 

Vefp. 

Mane. 

Vefp. 

Vefp. 

Velp. 

Vefp. 

Vefp. 

Vefp. 

Vefp. 

Vefp. 

Vefp; 

Mane. 

Mane. 

Mane. 

Mane. 

Mane. 


S  A  T  X  L  L.      II. 


Imm.  1727. 
Emerfiones. 


Nov. 
TDec. 


I 


6      4      5    40  Mane. 

I       3     40    45  Mane. 

4520  Vefp. 

II       7     37     42  Vefp. 


18     10     II 


13 


Vefp. 


24s 


i6'\  Eciipfes  of 
ll^Sat.j/Pekin 
in  1727,  and 
1728.    N« 
414.  p.  366. 


26      0    47     39     Mane 


1728. 


24^  EcUpfes  of  JupterV  Satellites^ 

S  A  T  B  L  L.      II. 


D. 

H. 

'       0 

1728. 

fjani 

5 

4 

42       0 

Vefp. 
Vcfb. 
Vefp. 
Vefp. 
Ve{. 
Mane. 

12 

7 

1^    16 

Emerfionies. 

Feb. 

19 

9 
7 

51      0 
3     45 

Immerfio. 

'W 

20 
30 

9 
3 

46      0 
34     10 

S 

A  T  S  L  L. 

III. 

1717. 

D. 

H. 

'       / 

Incipit  cfflergere 
1728. 

CNb^r. 

21 

28 

7 
II 

57      0 
53      0 

Vefp. 
Vefp. 

Inaraerf.  tot. 

•  Jan. 

3 

5 

43     40 

Vefp. 
Vefp. 
Vefp. 
Vefp. 
Veff. 
Mane, 

Emerf.  prima 

7 

42      0 

Immerf.  tot. 

10 

9 

42     52 

Emerf.  priuia 

^ 

II 

42     20 

Inunerfio  totals. 

3  Feb. 

22 
9 

1 

42    30 
6    30 

Immerfiones 

Sa- 

r  E  L  t. 

I. 

17]  &/»>/«#/         1728. 

D. 

H. 

•       if 

Jap-Sat.«/Pe- 

Nov. 

5 

I 

42     45 

Mane, 

kin,  in  1728, 
and  1729.  N3 

12 

3 

3^    15 

Mane. 

416./.  457. 

13 

10 

4     10 

V€fp. 

i^ 

5 

28      20 

Mane. 

20 

II 

55    56 

Vefp. 

28 

I 

47    50 

Mane. 

29 

8 

16    35 

Vefp. 
Vefp. 

Dec. 

6 

10 

S       0 

12 

5 

30    45 

Mane. 

15 

6 

27      0 

Vefp. 

22 

8 

17       0 

Vefp. 

Emerfiones    S  a  t  e  t  l.    1 

[. 

1728; 

Dec. 

31 

6 

50     15 

Vefp. 
Vefp. 
Vefp. 

1729, 

Jan. 

7 

8 

40     40 

16 

5 

0       0 

22 

0 

24     10 

Mane. 

23 

6 

52     20 

Vefp. 

30 


Eclipfes  $f  JupiterV  Satdlius. 

.  efo. 
Feb.  15  7  50  Vefp. 
Mart. 
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24     II     16     15 
Immerfiones    S  a  t  e  t  l.    L 


D.  H.      '      ^ 

Nov.        I  2    58     45    Mane. 

15  6    45      o    Mane. 

17  I     12     15    Mane. 

Immerfiones  S  a  t  e  l  l.    II. 


D. 

H. 

# 

jr 

Nov. 

6 

6 

8 

45    Mane. 

Dec. 

I 

3 

3 

20    Mane. 

8 

5 

35 

55    Mane. 

18 

9 

25 

0    Vefp. 

tnerfior 

tes    S 

A  T  B  LI 

..    IL 

D. 

H. 

/ 

* 

Jan. 

2 

5 

21 

30    Mane. 

5 
19 

6 
II 

37 
44 

0    Vefp. 
15    Vclp. 

27 

2 

20 

0    Mane. 

Feb. 

6 

6 

14 

18    Vefp. 

13 

8 

49 

0    Vefp. 

20 

II 

28 

45    Vefp. 

Mart. 

10 

6 

9 

0    Vefp. 

17 

8 

49 

40     Vefp. 

24     II     30     10    Vefp. 
Maii       20       8     49     30    Vefp, 

Immerfiones    S  a  t  e  l  l.    IL 

D.    H.     '    ^ 

Nov.      17     II     52     25    Vefp. 

Immerfiones    S  a  t  e  l  u    II[. 

1728.       D.    H.     '       ^ 

Nov.  6     10  .    4    10    Vefp.  difparuitpkneimmerfusonumbr. 
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021  o  Mane  rurfum  prodire  coepit. 

9    33  .    P  Vefp.  plcae  immerfus  in  umbratn. 
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Ob/ervations  on  Jupiter,  Mars,  and  Venus. 

Maii  die  10.        Hora  4,  mane,  diftantia  JoWs  a  Stella  O  Aquarii  XXXIV, 
9'  5^-  Jupiter  erat  ad  occafum  j  eftque  diftantia  com*  Okfirvatim 


Die  i^. 


putanda  k  ccrttrt).  fJm^sw 

c/AQCfn  horay  jupitdy  jatn  pre tergrciuu  'Stci*  17279 it Igs* 
lam  O,  ab  ea  diftabat  ad  prtum  boreum  i',  to^  Koegfor.  N9 
Sell,  a  cfentro^  Hor^  5^-  Diftantia  centrorum  i'  j6^  4^5* /•  553* 

Die  12.        Hcyra  4.  diiVahria  Jovis  a  Stella  O,  10'  lo^ 

Die  13.        Eadem  hora,  19'  50^ 

Jan,  die  18.        Afor/ii  occulta tlo  k  Z.i^^^,  Temp.  Ver.  Hon  7.  XXXV. 
172^.  JV.  y.     Miri.  23.  Vefpere.    Non  fatts  certa.  ilAnOetul. 

Eme/fio  Myrrfj  Hor.  8.  Min.  2r.  Sec.  34.  certa.  ^^^i,fj^ 

.  ^  .....  .  tf/  Toulon, 

hy  F.  Ant. 
P2^/?/Jj.  Laval.    NS 

♦   >     ^   ^        394- /-"oi. 


Temfora. 


H.      '     ^ 

6    52       o 

6  54.      o 

7  5^  .^5 

7    54    35I 


Jan.  19.       Mars  per  vapores  trahflucens  ftabat  ad  aj  ^/  Ingd* 
Lunae  limbum  lucidum.  ^^'.  J*°-  *?• 

Erat  penitus  immerfus.  Irfuftcs^  'm 

Centrum  Martis    cmergit   c    C    limbo  ioc!  T'ssS. 

obfcuro. 

^  —  Totus  Mars  extra  Lunam. 

K  k  2  Tranfitus 


i^Z  'QbfeKvations  on  Man  and  VttiM%.      ^ 

Tranfitus  Martis  fuit  jn  Imea  ex  centre  Grimaldi  per  extremitatcm 
boream  Langreni  dufta.  Inde  babira  ratioiie  librationts  Lunoris, 
coUefta  centrorum  diftantia  minima,  2'  30^,  Marce  auftraliore,  Sc- 
midiameter  Lunae  apparens  hora  9  erat  16'  55^. 

Obfervatio  fadta  eft  Telefcopiis  10  &  12  pedum. 


3]  Another  at 
liigolilad. 
N«  405. 
p.  558. 


Phafes. 


I.      Evanuxc  Mars  ex   oculis  in  Luna  lim- 
\  bum  obfcurum. 

— —  Emerfio  i«-  Martis  ad  Zoroaftrum. 

Emerfio  totalis  Martis  fadta  obfervatione 

Telefcopiis  12,   14&  16  pedum. 
— ^ —  Diameter  Luna  apparens  hora  7^,  erat 
32'  47^. 


^]  Jnother  at 
rekin,  173 1. 

|i8. 


Nov.  die  14.        Circa  hor.  4.  p.  m.  Luna  obtexit  Martem.     Im- 
1730.  merfio, .  claro  adhuc  die,  vidcri  non  pocuit :  obferva- 

ta  tamen  eft  Emerfio,  quae  accidit  hor.  4.  54;  proxi- 
me  Furherium. 


Obfervations  of  Venus. 


XXXVI. 

1}  An  Oicul" 
tatioM  by  tbi 
Moon  at  Bo- 
iionia,Sep.  i 
N.  S.  1727. 
fy  S.  Euf(. 
Manfi-edi.  N 
404.  /.  535. 


Tempora. 


o  27  21 

0  28  13 

1  16  45 
I  1^7  so 
I  46  24 


Phafes. 


Sept.  18.  Incipit  Venus  occultari  poft  limbum 
Lunae  obfcurum. 

Immerfio  totalis  9. 

Incipit  9  emergere  e  limbo  C  lucido. 

Emcrfit  tota. 

Nunc  limbus  praecedens  C  illuminatus 
praecedic  9  in  circulo  horario  21''  tem- 
poris  ;  &  limbus  Borealis  <f  item  ilju- 
minatus  eft  aoftralior  9  29^tempor!y^ 


2}  Anofber  at  Contigit  Acceflus  Lun^  ad  Venerem  2  h.  2'  t6^.  Occultatio  to- 
Berlin,  Sep.  talis  2  h.  3'  1^  Idem,  per  Telefcopium  oftodecim  Pedum  nota- 
iQ.pm.NS.  y|^  Venerem  fere  in  Quadratura  pofrtam,  cum  prope  Luna^  difcum 
Mrdc.  ^"^N«^  accederet,  figuram  mutafie,  &  Falcis  cufpides  amififle  5  unde  Ova- 
412. /.  256.  lis  velElliptica  figura  oriebatur :  Quod  fpcftaculum  pro  eompro- 
banda  Lunae  Atmofphaera  laudari  polfe  Z>.  Kircbius  cenfet. 
•  April 


77^e  mean  Motion  of  Mercury,  ^c.  \ 

April  2.  At  7  H.  13'  Mr.  Weidler  obferved  Venus  placed  in  fuch 

17x9.  manner  near  the  Moon^  that  the  Horns  of  the  Moon  were 
in  the  fame  right  Line  with  Venusy  which  was  then  diftant 
from  the  Southern  Cufpof  the  Moon  i  Deg.  10'.  Ac  7  H. 
30'.  he  meafured  the  Diftance  of  Venus  from  the  Eaftern 
Cufp  of  the  Pleiades  to  be  2  Deg.  15',  and  the  Horn  of 
the  Moon  at  the  fame  Time  was  diftant  from  the  fame 
Cufp  I  Deg.  53%  45^;  the  intermediate  Diftance  of  the 
Horns  of  the  Moon  was  29'  30^. 

Altitudines  Meridiana  apparentes  Veneris. 


XXXVII. 

A  Conjundion 
of  Venus  and 
tbe  Mood, 
April  2, 1729. 
at  Wittcm- 
bcrg,  by  Mr. 
F.  Wcidlcr. 
N<»  412.  p. 

2S2. 
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36 
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XXXVIII. 

Meridional 
Altitudes  of 
Venus  obferv' 
id  at  Toulon 
by  F.  Ant. 
Laval,  in 
1725.    N« 
394.^.  lOI. 


-//  ^ran/it  of  Mercury. 

The  Tranfit  of  the  Planet  Mercurjy  over  the  Diflc  of  the  Sun^    XXXIX. 
being  one  of  the  moft  curious  and  uncommon  Appearances  that  the  i]  Tbe  mean 
Heavens  afford,  our  Aftronomers,  both  at  home  and  abroad,  made  Motion o/Mer- 
due  Preparation  to  obferve,  with  the  utmoft  Exaftnefs,  that  which  ^^'  and  bis 
happened  on  the  29th  of  October y  1723,  which  1  had  predicted  in^^^^^'^J' 
the  Year  169 1  {Phil,  ^ranf:  N.**  193.  )  would  be,  in  Part,  vifible  franfit of  tbat 
m  England.     And  the  Sky  proving,  more  than  ordinary,  favourable  P/tf»^/^vr 
at  that  Time,  we  were  enabled  to  obferve  the  Ingrefs  on  the^«;i*s  'il"^f^'^^;^^ 


ftyl:  vet.  at  Greenwich  in 
Ro'jal  Obfervatory  ^  I  firft  perceiv'd,  with  my  24  Foot  Tube,  the  N®  386.'/ 
net  making  a  fmall  Notch  in  the  Sun'l  Limb  at  ^^  41'  23^  T.  app.  228. 


Limb,  with  the  greateft  Accuracy. 

Accordingly,  the  fame  Day,  OHob.  29 
the 

P^^net 

And  at  2*»  42^26^  he  was  wholly  entered,  making  an  interiour  Con- 
taft,  the  Light  of  the  5«»*s  Limb  juft  beginning  to  appear  behind 
his  dark  Body  ;  which  notwithftanding  the  Slownefs  of  the  Motion, 
was,  in  a  Manner,  inftantaneous-  Then,  applying  the  Micrometer 
to  the  faid  24  Foot  Tube,  I  open*d  it  fo  as  to  take  in  16'  15^  equal 
to  the  Sun*%  Semidiameter  at  that  Time  ;  and  caufing  the  northern 
Edge  of  the  Sun^  to  move  exaftly  along  one  of  the  Pointers,  I 
waited  till  the  Center  of  Mercury  came  to  move  along  the  other,  as 
I  found  it  to  do  at  3^^  i'  16^  7*.  app.  But  RefraSlion  contrnding 
this  Difference  of  Declination  about  5  Seconds  ( the  Sun  being  then  but 
about  11*^  high)  I  concluded  that  the  Centers  of  the  Sun  and  Mercury^ 
I  were 


0£lob.  29/^. 
1723. 4»  Dr. 
E.  Hallcy. 
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were  traly  in  the  fame  Parallel  of  Declination  at  31,  y  T.  app. 

pro^fime. 

At  H^anfteti  in  Effex^  my  worthy  Colkguc,  the  Reverend  Mr. 
James  Bradley^  Savilian  Profeffor  of  Aftronothj^  obfervcd  with  the 
Hugdnian  Telefcape^  of  above  120  Foot  long,  the  total  Immerfion, 
or  intcriour  Contaft  of  the  Limbs,  at  2^  26'  45'  T.  aq.  that  is  2^ 
42'  38^  7*.  app.  twelve  Seconds  later  than  I  found  it  at  Greenwich  ; 
moll  of  this  Difference  being  due  to  thfc  Difference  of  our  Meridi- 
ans. And  applying  the  Mi&otneter  to  thsxv^ Radius ^  he  meafured 
the  Diameter  of  the  Planet  10^  45^'.  At  2^  48'  57^  he  found  the 
Difference  of  Declination  between  the  foutherh  Limbs  of  the  Sunznd 
Planet  by  the  Micrometer^  in  a  fifteen  Foot  Tube,  to  be  \y  19^. 
Wherefore,  allowing  the  obfcrved  Semidiameter  of  the  Planet^  and 
x\it  Refrafiio'ny  the  feid  Differertce  ^s  fieareft  15'  30^^  and  confer 
quently.  Mercury  njofe  foutherly  than  the  Sunn's  Center  in  reTpeft  of 
Declination  o'  45^. 

Mr.  George  Grabdhj  in  Pleet-ftr'eety  obfervdd  the  firft  Im^reffion 
on  the  Sun's  Limb  at  2*  41'  9^  T.  app.  ihd  at  2^  42'  ig'  Mercu- 
ry was  Intirely  within  tht  Diflc.  At  3**  6'  41^  he  Hieafared  with  a 
Micrometer,  in  a  twelve  Foot  Tdbe,  tlie  Diftance  of  his  Center  from 
the  nekfeft  Limb  of  the  Siin  l'  13^.  And  again,  at  3^  25'  2+^ 
their  Diftance  was  found  3'  57^  At  ^^  34'  43^  he  meafured  the 
Difference  of  Declinatib'n,  fro'ril  Ae  riorthefA  Limb  of  the  Sun  14' 
5.7^,  which)  coTnedted  by  Refrailionj  becortiifes  15'  4^,  thatt^,  i>ii^ 
more  northerly  than  the  Sun*s  Center. 

in  the  OMervafory  at  Paris^  Signor  Maraldi  obferv^  the  firft  Ap- 
pearance of  Mercury  on  the  SuH*s  Limb  at  ±^  50'  13^  T.  Mp.  and 
the  interiour  Contaft  at  2*^  51'  48^^  And  Mr,  de  Lijk^  6bferving 
a-part,  concluded  the  fame  at  2^  51'  37^^,  but  fufpe&s  it  might 
have  been  fome  few  Seconds  later.  This  Gentlefmto  has  cothnitim^ 
cated  his  Obfervation  at  large,  from  whence  we  (hall  only  borrow 
the  following  obferved  Latitudes. 

H.    '  *^  '  ^ 

At  2  56  20  Latitudo  Borea  MercurH     3  3^ 

3       o  40  3  42 

3  10  20  3  46 

3  16  12  3  gs 

At  BoHonia^  in  Italy ^  Signor  Manfred  obferved  Mercury  indent- 
ing the  Smf'^  Limb  at  3**  26'  22''' ;  and  that  he  was  gotten  entiirely 
within,  at  3^  27'  45^^  And  thefe  arc  the  GbfcrvationS  moft  to  be  dc* 
pcnded  on,  that  we  have  received  from  abroad. 

In  order  to  deduce  from  this  Phcsn&mendn,  fo  accurately  obferv*d, 
what  may  contribute  to  the  Perfefting  of  the  Theory  of  Mercury*^ 
Motion,  which  (as  appears  by  the  near  Agrceriient  of  our  Numbers 

with 


and  hh  N^dks  determined  fy  a  lyanjit.  255 

Wttt  ri?B  and.  many  other  Qbfervacions  of  him  ;  fcems  to  need  but 
ycfy  \\\iW  CofreiJtibn  ;  I  capefully  computed,,  from  our  Tables,  the 
Motion  of  t^e  ?lan^t  ia  five  Ebours,  and  found  hi^  apparent  Mo- 
tion  on  the  5w»  tp  bo  in  Longitude  29'  ^l^  Retrograde,  and  that 
\^^  LaiatMdp  encrcjjs'd  northerly  4' 171^  in  the  fame  Time;  whence 
1^  Horapy  Motion  in  longitude  5'  52^^  and  in  Latitude  o'  51^^ 
apd  thence  t^ie  Angle  of  the  vifible  Way  with  the  Ecliptick  8<^  19', 
ao4  the  Horary  Motion'  in  that  Way  s*  56^.  Again,  the  Angle  of 
the  Eclipjick  with  th«  Meridian,  beinff  in  thjs  Place  73^  24',  the 
tifibjf  W^y  pf  Mirfury.  made  an  Angle  of  65^  5'  with  the  Meri- 
i^ian  pa/^i^  through  the  Center  of  uio  Sun^  whence  the  Horary 
Change  of  Declination  becomes  exaftly  2'  30^. 

Thrfc  Ajf^^  I  choofe  lather  to  take  from  the  Thepry,  than  from 
imn^edi^tP  Qbffirviitipn^^;  becaufe  there  is  always  an  unavoidable, 
though  fJEB^ilI  V/iQertainty^  in  what  we  obferve,  yet  greater  than 
tjierc  cap  bf»  iq  t\^.  Computation  for  fo  fmall  a  Space  of  Time, 
efpecialiy  now  the  Theory  is,  as  I  faid  before,  fo  very  near  the  Truth. 

Thi$  pren)if$d,  let  ua  now  enquire  the  true  Time  of  the  central 
Ingrefs,  SHid  t^e  Witude  of  the  Planet  at  that  Time.  And  iirfr, 
by  my  ow^  Account,^  Mercury  was.  gotten  intq  the  Parallel  of  the 
Sun^s  CeiHer,.  2^1^  Minutes  after  the  central  Ingrefs,  in  which  Time 
\^  ^cend(Qd  xi^ xh^Nortlnvard  o^  54^,  and  fo  much,  therefore,  was 
hi?  mpr^^  SoffSterly  Aan  the  Sun\  Center  at  hi$  Ingrefs.  Mr.  Bradley 
7^  IVlipafcft  ^f^ff:  thQ  faid  Ingrefs,  in  which  the  Planet  afcended  o'  19^ 
fcHind  bi§  iQe^io^tipn  o'  45^  South,  and  therefore  at  the  Ingrefs,  his 
Pfclinstion  ^^  i'  4^  South*  And  by  Mr.  Grabam*s  Obfervation; 
J^fnpf^yffis  more  northerly  than  the  Sun*s  Center  i'^  ii^  53'  20^ 
;i^r  the  central  Jngrefss  but  in  that  Time,  ikfif rrirry  afcended  2^13  V 
u^ieref^r^,.  aixqrding  to  him,  at  thelngr«fs  tlie  Planet  had  i'2^ 
^Viih  Decii^jonn  We  fhali  not  therefore  err  above  a  Semidiameter 
of  Mfrcuryj  if  we  aflumc  his  Declination  at  that  Time,  to  have 
been  priccifely  one  Minute; 

Nowf  the  Su;i^s  Semidiameter  being  then  16'  i^fj  one  Minute  is  the 
Sine  of  3®  32'  in  the  Arch  of  the  Sun*s  Limb ;  and  confequently, 
the  Vpm  c^  tjiis  Ingr^^  was.  13^  4'  more  northerly  than  the  Eclip- 
tick; wh^ce;  the  Latjlude  of  Mercury  was  then  3'  40*^  North, 
and  Differ€iK:.e  of  Longitude  15'  50^  by  how  much  hc^.  at- that 
liime,  followed  the  Suh-s  Center. 

If  ttexefpre,  to  the  Arch  of  13^  4',  wc  add  the  Double  of  8<^  19', 
or  of  the  Apgle  which  the  vifible  Way  made  with  the  Ecliptick,  we 
Iball  have  29^  42'  for  the  Point  on  the  Sun's^  weftern  Limb,  at 
wbifih  the  Planet  n^adc  his  Exit^  likewife  to  rhe  North  of  the  Eclip- 
tick. Hence  the  Chord,  defcribcd  in  the  whole  Tranfit,  was  of  r  3  y^ 
14';  and  the  Chord  itfclf  30'  16^;  and  the  rreireft  Diftance  to  the 
Sun*s  Center  5'  56^'.  Now  the  Horary  Motion  in  this  Chord,  bf- 
iog  5'  56%  tlie  who}e  Duration  of  this  Mercurial  Eclipfe  bt-cotws 
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5H  &  in  refpeft  of  the  Center  of  the  Planet  v  and  therefore  the  near- 
^ft  Approach  of  their  Centers  was  at  5*"  14  30^  ar  Greenwich^  and  the 
jExiV  at  7**  47'i  both  vifible  in  our  jimerican  Plantations^  had  there 
been  any  curious  Perfon  there  qualified  to  obfcrve  them. 

It  follows  likewife,  by  the  obfersred  Diameter  of  Mercury^  ro^ 
45''''  that  he  was  very  little  lefs  than  two  Minutes  of  Time  in  pafling 
the  Limb  ;  and,  by  the  given  neareft  Diftance  to  the  Sun^s  Center, 
ic  is  concluded  that  he  was  in  Conjundion,  in  Point  of  Longitude, 
at  s^  23'  15^  having  then  precifcly  &  00^  North  Latitude.  Nor 
ean  it  be  doubted,  but  that  all  this  would  have  been  found  exceed- 
ing near  to  Truth,  had  not  the  too  early  fctting  of  the  Sun  deprived 
all  Europe  of  the  defirable  Sight, 

..  There  being  a  very  remarkable  Period  of  the  Motion  of  Mercury 
in  46  Years,  in  which  Time,  he  makes  191  Revolutions  about  the 
Sun  \  this  Tranfit  of  ours  is  found  to  have  been  preceded  by  two 
others  at  that  Interval :  The  firft,  in  the  Year  163 1,  vfhmGaffendus 
at  Paris^  on  the  28th  Day  of  Oifober,  JiyL  vet.  was  the  firft  that 
ever  obfervcd  this  Appearance  of  Mercury  within  the  Sun*s  Diflc^ 
and  found  him  to  pafs  off  at  10**  28'  mane.  The  fecond  was  OStob. 
28,  1677,  when  myfelf  had  the  -good  Fortune  to  obferve  both  the 
Ingrefs  and  Egrefs  of  the  Planet  in  the  Ifland  of  St.  Helena  j  the 
middle  Time,  when  he  was  neareft  to  the  Sun*s  Center,  being  there 
but  3'  so^  paft  Noon,  and  the  vifible  Duration  of  the  Tranfit  of  the 
Center  of  the  Planet  5^  14^  20^;  -which  wasfome  fmall  matter  con- 
trafted  by  Parallax,  and  moft  likely  might  have  been  5'  i^'  00^  j 
without  it.  Now  in  5^*15',  Mercury  defcribed  the  Chord  of  146^  52' 
in  the  Sun^f^  Limb,  being  31'  9'^,  and  confequently  the  neareft  Di^ 
ftance  to  the  Center  was  4!  38^  or  the  Sine  of  16^  34'  the  Sun*% 
Semidiameter  being  Radius ;  that  is,  i'  18^  lefs  than  we  found  it  in 
1723.  Hence  alfo  it  follows,  that  the  true  Conjundtion  in  Longi- 
tude was  7  min.  of  Time  later  than  the  neareft  Approach  of  the 
Centers,  viz.  at  o^  10'  50^  at  St.  Helena^  or  at  o*  35'  paft  Noon  at 
Greenwich :  And,  that  the  North  Latitude  of  the  Planet,  at  that  / 
Time,  was  4'  41^. 

Suppofing,  therefore,  the  neareft  Diftance  of  the  Centers  in  the 
Tranfit  of  1631,  to  have  been  3'  20'',  that  is,  i'  18^  lefs  than  in 
1677,  weihall  find  thzt  Mercury  then  defcribed  a  Chord  of  156^ 
20',  traverfing  the  Diik  ofthe5««in  5'»2i'3o^;  fo  that  fuppofiife 
his  Exit  at  10^  28'  at  PariSj  that  is  10^  18'  40^  at  Greenwich^  he 
enter'd  on  the  Sun  at  4^  57'  10'''  in  the  Morning  -,  and  was  neareft  his 
Center  at  7^  38'  2".  app.  but  in  the  fame  Longitude  with  him  at 
7^  43',  or  O£lob.  27  J9*»  43'  71  app  having  then  3'  22^  North  La- 
titude. 

And  here,  I  think  i  may,  without  Vanity,  advertife  the  Reader, 
that  above  thirty  Years  fince,  viz.  in  Philofoph.  Tranf  N*'  193,  for 
;the  Month  of  Marcby  (jfc.  169?,  I  predicted,  by  Help  of  the  two 
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former^  this^^laft  Tranfit,  with  a  furprifing  Exaftnefs,  even  beyond 
my  Hopes,  making  the  Time  of  the  middle,  or  nearcft  Approach 
of  the  Centers  of  the  Sun  and  Mercur'j^  Anno  1723,  OStob.  29^  5* 
19'  7*.  app.  which  we  found  by  Obfervation  at  5^  14'^,  only  4'^  Mi- 
nutes fooner ;  and,  in  Latitude,  Mercury  was  but  fix  Seconds  more 
foutherly  than  I  then  had  computed  it  5  the  Error,  in  Longitude, 
being  little  more  than  two  Diameters  of  this  exceeding  fmall  Planet ; 
and,  in  Latitude,  but  a  fingle  Semidiameter  thereof.  So,  that  for 
the  Future,  Aftronomers  may  truft  my  Table  of  thefe  Tranfits,  in 
TranfaH.  N^  193,  to  a  few  Minutes  of  Time,  and  not  wait  with 
the  uncertainty  of  Hours,  nay  Days,  as  has  lately  been  done. 

But,  in  order  to  obtain  a  yet  further  Degree  of  Exaftnefs  by  Help 
of  this  Obfervation,  it  may  be  moft  expedient  to  compare  with  it  the 
Ingrefs  I  obferved  at  St.  Helena ;  becaufe,  in  that,  as  well  as  in  this, 
the  Latitudes  of  the  Planet  being  very  fmall,  a  little  Error  in  them 
will  not  fo  much  affeft  the  Longitudes.  Suppofing  therefore,  that 
Anno  1677,  OBob.  27^  21^  26'  15^  at  St.  Helena^  or  2i*»  50'  15^  T. 
app.  at  Greenwich^  the  Center  of  Mercury  entered  on  the  Sun^  and 
that,  at  that  Time,  he  was  8^  Degrees  on  the  Sun\  Limb,  to  the 
North  of  the  Ecliptick  ( according  to  what  is  above  concluded  )  it 
follows,  that  he  had  then  ^'  20^  North  Latitude,  and  16'  5*  greater 
Longitude  than  the  &»*s  Center  -,  as  in  this  prelent  Tranfit,  O£lob. 
29^  2**  41'  30^  T.  app.  at  Greenwich  J  he  had  3'  40^  North  Latitude, 
and  15'  50^  more  Longitude. 

Now  the  apparent  Geocentrick  Differences  of  Longitude,  are  to 
the  real  Heliocentrick  Differences,  as  the  Planet's  true  Diftance  from 
the  Sun^  to  his  Diftance  from  the  Earth  ;  that  is,  in  both  Cafes,  as 
313  to  6765  wherefore,  in  1677,  M<frr«ry  wanted  34*45^  of  the 
Conjunftion  with  the  5if»  ;  and,  in  1723,  but  34' 13^,  at  the  Times' 
of  his  apparent  Ingrefs  on  the  Disk.  And,  equating  the  Times,  I 
find,  that  the  5»»,  Anno  1677,  OSioh.  27*  21*^  34'  20''  ?*.  ceq.  was, 
in  WI15O  36' 55^,  and,  confequently  Af<?rf«ry's  Heliocentrick  Place 
b  15^  2'  10^:  And,  Anno  1723,  OSiob.  29^  2*»- 25'  30^  7*.  ^j. 
the  Sun  was  in  wi  16"  39'  43^,  and  therefore  Mercury^  at  that 
Time,  in  »  16^  5'  30^. 

Mercury  therefore,  in  46  Years  with  11  Intercalations,  and  be- 
fides  i««  4*"  51'  10^,  has  made  191  Revolutions  to  the  Equinoftial 
Points,  and  over  and  above  i^  3'  20^.  But,  by  the  Scholion  to 
Prop.  XIV.  lAb.  III.  Natur.  Philofoph.  Principia  Math,  the  Motion 
of  the  Aphelion  of  Mercury^  from  the  Equinox  in  that  Time,  is  40' 
18';  fo  that  there  remains  23'  2^  of  True  Anomaly  to  be  reduced 
to  the  Mean :  Now  the  Mean  Anomaly  of  Mercury^  in  both  Cafes, 
being  s^fig.  12**,  23'  2^  of  True  Anomaly  gives  15'  24^  Mean 
Anomaly;  which  added  to  40'  18''  becomes  55'  42^  tor  the  Mean 
Motion  above  fo  many  Revolutions :  And  this  is  to  be  encreafed  by 
S^  to  reduce  it  to  the  Plane  of  Mercurf%  Orb,  in  all  So  5^''- 
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Hence,  doubling  the  Inwrval,  in  92  Julian  Yeacs  i**  9^"  42'  2c/V 
the  Mean  Motion  of  Mercury  from  the  Equinox  is  o^  i®  51'  40^, 
from  which,  taking  5"  44'  §&'  the  Motion  in  i*  9**  42'  20^,  we 
have  his  Motion  in  92  Julian  Years  ii»26®  6'  50^,  and  in  100 
Years,  2'  14^  2'  13^,  which  is  but  20^  more  than  I  had  fome  Years 
fince  printed  it,  in  my  Aftronocnical  Tables  fliortly  to  be  publifhed^ 
and  differs  but  one  Hour's  Motion  therefrom  in  3000  Years. 

The  forementioned  Proportion  of  the  Diftancei,  viz.  313  to  6y6^ 
is  alfo  between  the  Latitudes  feen  from  the  Earth  and  the  Inclina^ 
rions,  or  Heliocentrick  Latitudes  of  the  Planet :  So  that  2'  20^,  at 
thelngrefsof  1677,  gives  5'  2^^;  and  3'  40^  in   1723,  becomes  y'' 
55'''  for  the  Latitudes  at  the  Sun.     And  the  Inclination  of  the  Orl> 
of  Mercury  to  the  Plane  of  the  Ediptick  ( determined  by  accurate 
Obfcrvations  near  his  northern  Limit )  being  6«  59*^  20^  we  com- 
pute the  Diftance  of  the  Planet  from  his  Node,  in  the  former  o^ 
41'  7^  and,  in  the  latter,   1°  4'  37^^;  which,  being  dedudcd  front 
his  Heliocentrick  Places  refpedbively,  leave  the  Place  of  the  afccnd- 
ing  Node,  in  1677,   «  14^  21' 3^  j  and,  in  1723,  «  is""  o'  5^^  z 
So,  that  in  46  Years  the  Node  is  found  39'  gof^  forwarder  in  die  E- 
cliptick  ;  which  is  but  i'  30^  nx)re  than  the  Prxcelfion  of  the  Equi^ 
nox  in  the  fame  Time.     We  may  therefore  fafely  afTume  the  Plane 
of  the  Orb  of  Mercury  to  be  imnK)vcable  in  the  Sphere  of  fix'd 
Stars,  and  its  afcending  Node  to  be  o»  15^  41''  fh)m  thcfirft  Star  of 
Aries.  '  Nor  can  fo  very  flow  a  Motion  (fuppofing  fuch  to  be)  be 
fully  defined,  but  by  the  utmoft  Care  and  Diligence  of  future  Aftro- 
nomers,  after  the  Obfcrvation  of  many  Ages. 

As  to  the  reft  of  the  Theory  of  this  Planet's  Modon,  I  make 
his  mean  Diftance  from  the  Sun^  38710  fuch  Parts  as  the  mean 
Diftance  of  the  Sun  and  Earth  is  1 00000  ;  and  his  greaficft  Equati- 
on 23^  42' 37^'.  The  Epocha  of  his  middle  Motion,  ineunU  Anna^ 
1723,  JiyL  vet.  from  the  Equinoctial  Point,  I  make  t  19*^  9*^31*;^ 
and  that  of  his  Aphelion  to  the  fame  Time  t  13^  3'  34^:  The 
Aphelion  moving ^^«W««  Seriem  Signarttm^  feven  Minutes  in  eight 
Years.  And  thefe  Numbers  I  prefunoe,  may  reprefent  the  Morion  of 
Mercury^  with  an  Exadnefs  equal  to  that  of  any  of  the  oAer  J?Ia^ 
nets  ;  perhaps  as  near  as  the  Sun^^  Place  by  any  Tables,  or  tfaofe  of 
the  fixed  Stars  by  any  Catalogue  yet  extant. 

It  were  to  be  wiflied,  that  fome  good  Obfcrvation,  like  this^  had 
been  made  of  the  like  Tranfit  of  Mercury  at  his  other  Node  ia 
A'priU  where  he  was  feen  indeed  April  23^  1061,  but  fo  imperied^ly,. 
tliat  neitlier  Ingrefs  nor  Egrcfs  was  any  where  obferved  5  and,  tho*  it 
be  certain,  that  he  traverfed  the  Sun  on  April  26^,  1674  ;  and  again 
April  24,  1707,  yet  we  were  fo  unfortunate,'  that  the  Conjunction 
in  both  happened  fo  near  Midnight,  that  he  efcaped  unfeen  by  all 
the  Aftrononiers  of  Europe^  excepting  fingly  Mr.  Roemer  at  Copen- 
bagen^  whofc  Obfcrvation  I  have  lately  received  by  the  Faycnir  of 
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Mr.  Lie  P  IJletht  Aftronomcr,  communicated  in  the  Words  of  the 
Manufcript  Journal  of  Obfervations  of  the  faid  Mr.  Roemer.  **  Ho- 
^*  die/exto  Maii  {Anno  1707)  bora  matutina  ^^  ig'  fpeStabatur  Mer- 
**  curius  in  extremo  margine  Solis  jamjam  exUurus\  altus  fiipra  imum 
^^  Jolts  marginem  \  diametri  folatis^  (Sad  Jinijiram  in  Tubo  (fc.  in- 
^«  vertente.)  Accuratius  bcec  determinate  non  licuit  oh  vioram  nimis 
«*  brevem. "  It  was  great  Pity,  that  he  did  not,  at  leaft,  eftimatc, 
how  many  Diameters  of  his  Body  he  was  diftant  from  the  Limb  of 
the  Sun^  or  what  Part  of  a  Diameter,  if  fo  near  :  But  having  exa- 
mined this  Obfervation,  I  find  that  the  Sun^  at  that  Time,  was  but 
juft  rifen,  or  rather  rifing,  and  foon  after  entered  into  a  Cloud,  fo 
that  the  Limb  of  the  Sun  could  not  be  diftinftly  feen,  it  always  un- 
dulating and  fparklin^  much,  when  fo  near  the  Horizon  ;  in  which 
Circumftance,  a  juft  Obfervation  could  hardly  be  made. 

Let  us  now  fee  how  our  Numbers,  correfted  as  above,  will  repre- 
fcnt  this  Obfervation,  Anno  1707,  April  24?  16**  19'  at  Copenhagen  is 
15^  28',  at  Greenwich^  but  15**  24'  20^  T.  tsq.  To  this  Time,  I  find 
the  Suif^  true  Place  »  14*^  50'  i^  and  his  Diftance  from  the  Earth 
101005.  The  correft  Epocba  of  Mercurf%  mean  Motion,  for  the 
Year  1707,  is  3'  13^  18'  45^  to  which  adding,  for  the  reft  of 
the  Time,  3^  19®  9'  28^,  we  fhall  have  his  middle  Motion  at  the 
Time  of  the  Obfervation  wi  2*  28'  13^;  and,  taking  his  Aphelion 
in  t  12^  49'  49^  therefrom,  we  have  his  mean  Anomaly  io»  19® 
38*  24^  and  thereby  the  Equation  to  be  added  12^  39'  41^',  and 
dicnce  the  Place  of  Mercury  in  his  Orb  ^15"^  7'  54!' •  But  the 
corrcd  Place  of  the  defccnding  Node  is  wi  14Q  46'  25^^,  and  there- 
fore Mercury^  being  2v  29^  paft  the  Node,  had  2'  36^  South  La- 
titude at  the  Sun ;  and  his  Place,  reduced  to  the  Ecliptick,  was  ^ 
15®  7'  45^  that  is,  17'  44^  paft  the  Conjunftion  of  the  Sun^  which 
diminilhcd  in  the  Proportion  of  5567  to  4533,  or  of  the  Diftance  of 
the  Planet  from  the  Earth  to  his  Diftance  from  the  Sun^  becomes  14' 
27^ ;  and  by  fo  much  was  he  paft  the  Conjunftion  as  viewed  from  the 
Earth.  Again,  by  the  fame  Proportion,  his  Geocentrick  Latitude, 
at  that  Time,  was  2'  7^  South  i  and  therefore,  his  apparent  Di- 
ibance  from  the  5«»'s  Center,  was  14'  37^^;  that  is,  but  v  li^ 
from  his  wcftern  Limb  ;  fb  that  he  might  well  be  faid  to  be,  jamjam 
txilurus. 

But,  that  Mercury  Ihould  at  that  Time  be  fo  far  northerly,  as  Mr. 
Roemer'%  Words  import,  was  abfolutely  impofliblc  ;  and,  I  am  apt 
to  believe,  thatib  acute  an  Aftronomer  as  Mr.  R^^emer  vfas,  could 
not  himfelf  be  the  Obferver,  but  fome  Perfon  lefs  acquainted  with 
thefc  Matters  ^  which  the  Words  fpeSabatur  Mercurius^  inftead  of 
Mercurium  vidi^  fecm  to  import.  If  he  had  then  bad  North  Lati- 
tude, he  muft  needs  have  been  feen  in  the  Sun  in  April  1720,  which 
we  areaflured  he  was  not. 
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Laftly,  ic  may  not  be  amils  to  advcrtifc,  that  on  the  laft  Day  of 
O£lober  1736,  Mercury  will  ^ain  travcrfe  the  northern  Part  of  the 
Sun's  Disk,  both  Ingrcfs  and  Egrels  being  vifible  to  all  Europe. 

XXXIX.  March  4.,  1729  ;  the  Planet  Mercury  was  fartheft  from  the  Sun, 
2]  Jn  Obier-  and  remained  lome  Time  above  the  Horizon.  Makmg  ufe  therefbre 
vationofU^t'  of  ^  twency-two  Foot  Telefcope,  Mr.  JVeidler  obfervedics  Phafeal* 
tc^cre^jr  "^^*  bifefted,  and  its  Diameter  appeared  equal  to  a  third  Part  of 
5,  1729,  bj'  ^^  Diameter  of  Vinus^  this  Planet  being  above  the  Horizon,  and 
Mr.  F.  Fred,  fcen  at  the  fame  Time, 

Wcidlcr.  NO 

^^^'P'^S^'  Monere  hie  debeo  obfervationes  Cometas  a  me  invent!^  in  Nn;is 
noi^r  ati  -ZLi/^r^n/j  Lifftenf.  non  effe  accuratas ;  nam  die  23  Januarii  mane, 
upon  aComt  Cometa  cum  fl  &  (p  Caffiopeae  (non  vero  cP  &  <p;  conftruebat  trian.- 
fecn  at  Berlin,  gulum  sequicrurum  ;  &  vefperi  9  Perfci,  Cometa  &  6  Cafliopeas  ad 
in  iyi9,  by  Icnfum  erant  in  linea  rc£ta.  Pleniorem  Cometae  hiftoriamjam  pa- 
ir^' ^^^j^o  ratam  habco,  ex  qua  hasc  breviter  attingama.  Obfervavi  eum  a  die 
^7^  P  lis'    ^^  ^^^'  ^^  5  februarii.     I^oca  ejus  ex  obfervationibus  ad  horam  iq 

vefpertinam  cujufque  dici,  quo  Cometa  obfervari  potuit,   redufta» 

hsec  TabcUa  exhibet. 


18  Jcfn. 
21  Jan. 


23  Jan. 
16  Jan. 


27  Jan. 

28  Jan. 


30  Jan. 

31  7^'- 


1  Feb. 

2  Feb. 
5  Feb. 


Longitudo. 
o      ' 


% 

26 

25i 

9 

9 

5 

28i 

25i 

4 
4 

41 
4 

3 
2 

4 
43 

2    25    « 

2       10       « 
I       39       « 


Lacitudo. 
o      ' 


69 
48 

18 

42 

S. 
S 

39 
32 

45 

55 

31 
30 

24 
13 

s. 
s. 

28 
27 

23i 

40 

s. 
s. 

27      I    s. 

26      22       S. 

24     53     S* 


Via  ejus  tranfiit  fupra  tergum  Urfe  minoris,  propc  Polarem,  per 
crura  &  genua  Cephei,  Cafliopeas  &:  Andromedas.  Nodus  ejus  de- 
iccndens  luit  in  21 -J  gradu  Arietis,  cum  aliqua  mutatione :  Angu^ 
lus  orbiix  cometicse  &  Eclipticas  6^i  grad.  circiter,   etiam  cum 

aliqua 
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aliqna  variatione.  Via  Comctae  2  fere  gr.  a  Polo  mundi  tranfiit, 
&  ^iquacorem  fecavitin  20J  gr.  a  pun<5to  sequinoftiali.  Pcrigseum 
Comctas  fuic  in  6^  6'  ^,  cum  latitudine  feptentrionali  62^  7',  Co- 
metain  Pcrigseo  fuic,  D.  18  Jan.  hor.  3.  min.  9.  mane.  Motus  Co- 
mttae  diurnus  in  orbita  propria,  in  Pcrigaeo  (12  fcilicet  horis  ante, 
&  12  poft  Perigaeum)  22^  8'i  ultimis  verodiebus  apparitionis  32', 
Suppofita  Terra  quiefccnte,&  Cometa  in  refta  linea  trajiciente,  motus 
Cometac  fuit  39 1  partium,  qualium  diftantia  minima  Cometae  a  Terra 
1000.  De  Parallaxi  Cometas  nihil  certi  affirmarc  poffum,  nifi  quod 
multum  fupra  Lunam  fueric  elevatus  Cometa.  Probabiliter  vero 
conjicio,  ilium  intra  Pianetarum  orbes  exfticifle,  imo  in  Pcrigfeo 
multo  propiorem  nobis  fuifle  Martis  Sphaera.  Sic  enim  femi- 
diameter  orbicae  Terras  loooo  partium,  erit  ita  motus  diumus 
Martis  139  vel  140,  Si  vero  Cometam  in  orbita  Martis  exftitifle 
fuppono,  cum  latitudine  62^  7'  &  motu  diurno  22®  8'  ejusvclo- 
citas  effet  2847  partium,  fi  fcilicec  fimul  fuiffet  in  oppofitione 
Solis ;  cum  autem  differentia  Longitudinis  Solis  &  Cometae  in  Pe- 
rigsBO  tantum  fuerit  141^  40',  moms  diurnus  Cometae  evadit  3200 
part.  &  proportio  motus  Cometas  ad  motum  Martis  ut  23  ad  i. 
Quare  colligo  Cometam  intra  fphasram  Martis  exftitiffc.  Si  vero 
quis  Cometam  ad  Saturni  orbitam  eveherc  vellet,  deberec  ipfi  velo- 
citatem  tribuere,  quae  eflct  ad  velocitatem  Saturni  ut  600  ad  i  ;  & 
quod  uno  die  majus  fpatium  percurriffct,  quam  Terra  dimidio  anno 
abfolvere  foleat.  Ne  dicam  de  diametro  Cometa?,  quae  non  multo 
minor  exiftere  debuiffet  tribus  diametris  Solis. 

Comparationem  inftitui  hujus  Cometas  cum  aliis,  &  invenio  Come- 
tam, quern  Regiomontanus  anno  1472  ycl  147 5;  nienfe  Jan.  &  Febr. 
obfervavir,  viam  tcnuifle  non  multo  diverfam  a  via  noftri  Cometae ; 
tranfiic  enim  per  Urfam  minorem  &  Cephei  femora,  per  pedus  vel 
coUum  Caffiopeas  &  cingulum  AndromeAe  ;  ac  velocitas  ejus  maxi- 
ma uno  die  fuit  40  grad.  Anno  1556,  alius  Cometa  eft  obfervatus^ 
cujus  Nodos  Camerarius  in  1 1*'  tfi:  &  r  ponit,  &  qui  prope  pedes 
Urfae  minoris,  per  Cepheum,  fupra  Cafliopeam,  &  per  partes  fupc- 
riores  Andromcdae  cranfiit,  motu  valde  veloci  in  Pcrigaeo.  Quod  fi 
Regiomontanus  Cometam  anno  1475  obfervavir,  ("de  quo  tamen  A-.  , 
ftronomi  valde  dubitant )  admirabilis  efict  convenientia  inter  hofcc 
tres  Cometas  :  intervallum  enim  prioris  a  medio  efTct  81  annorum, 
&  a  medio  Cometa  ad  ultimum  162  ann.  ut  ita  revolutio  Cometa? 
poffec  effet  8 1  annorum ;  nee  etiam  Hilloria  aliorum  Cometarum? 
hifce  male  refponderet. 

The  fmall  Comet  which  was  feen  in  thefe  Parts  of  Europe^  m  the  2]  Obfervntu 
Months  of  OSloher^  November^  and  D  c ember ^   ^T^i-  was  firll  ob-  ou  ufon  a  Co- 
fcrved  in  England  by  Dr.  Halley,  on  05fober  9.  between  7  and  8  oi  ^^^^fi^^^n^i. 
the  Clock  in  the  Evening  ;  it  appearing  ihcn  to  the  naked  Eye  not  ^'^/  '^r^^. 
much  unlike  a  Scar  of  the  third  Magntudc^     Looking  at  it  through  n^'ss^/. 

a  Te-  41. 
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a  Tclcfcope,  he  faw  fomc  fmall  Telcfcopical  Stars  near  it,  wliofe 
Situation  he  noted  together  with  the  Comet's,  in  order  to  fee  which 
way  it  tended.     About  9  he  again  viewed  the  Comet,  and  found  it 
confiderably  moved  from  its  former  Station,  having  now  pafied  a 
fmall  Scar,  which  at  the  time  of  the  firft  Obfcrvation  was  on  the  o- 
tlier  fide  of  it.     Comparing  the  two  Situations  of  the  Comet  toge- 
ther, he  perceived  that  its  apparent  Motion  at  that  time  was  about 
8  or  9  Minutes  in  an  Hour,  in  a  Direftion  towards  Sagitta ;  and 
that  the  Comet  paffed  very  near,  if  it  did  not  wholly  eclipfe  the 
forcmentioned  fmall  Star,  whofe  place  he  afterwards  found  to  be  in 
a:  7^  22'  is"  with  5^  2'  N.  Latitude.     From  the  Situation  of  the 
Comet  at  the  time  of  the  firft  Obfervation,  he  judged  that  it  was  in 
Conjunftion  with  the  Star  at  8  h.  5'.  equal  Time.     Note  that  the  e- 
qual,  and  not  the  apparent  Time,  is  likewife  made  ufe  of  in  all  the 
following  Obfervations. 

The  next  Day  he  was  pleafed  to  communicate  to  me  the  Subftance 
of  what  he  had  obferved,  whereby  I  was  enabled,  the  Night  follow- 
ing, to  fee  the  Comet  at  Wanfted.  The  Clouds  hindered  me  from 
oblbrving  it  in  the  manner  that  I  had  defigned  -,  but  I  had  Time 
enough  to  meafure  its  Diftance  (  with  a  Micrometer  in  a  Telefcopc 
of  7  Foot )  from  a  Star  in  Aquarius^  marked  %  by  Ba^jer.  At  6  b. 
21  the  obferved  Diftance  between  this  Star  and  the  Comet  was  1® 
13'  53^  and  a  great  Circle  pafling  through  the  Star  and  Comet, 
made  an  Angle  with  the  Vertical  Circle  of  60^ \.  The  Comet 
was  more  fouthcrly  and  weftcrly  than  the  Star.  By  this  Obfervation 
the  Comet  preceded  the  Star  in  Right  Afcenfion  i^  3'  50^  being 
39'  5"  more  Southerly  5  fo  that  the  Comet's  Right  Afcenfion  was 
307"  6'  40^  and  its  Declination  11**  8'  15^  S. 

The  Place  of  %  here  affumed  is  according  to  the  Britijb  Cata- 
logue, as  are  alfo  the  Places  of  the  other  Stars  hereafter  mentioned 
from  which  the  Comet  was  obferved.  The  Right  Afcenfions  and 
Declinations,  which  are  here  fet  down,  of  feveral  fmall  Stars  that 
are  not  in  that  Catalogue,  were  determined  by  obfervine  the  Diffe- 
rences of  Right  Afcenfion  and  Declination  between  thofe  fmall  Stars 
and  others  that  were  in  the  Catalogue,  and  had  nearly  the  fame 
Declinations. 

The  fiime  Evening,  at  7  b.  y  ^  fmall  Star  that  was  more  eafter- 
ly  than  the  Comet,  and  ha^  about  the  fame  Declination  with  it, 
was  diftant  from  it  35'  40^.  About  the  fame  time  another  fmall 
Star  that  had  nearly  the  fame  Right  Afcenfion  with  the  Comer,  but 
was  more  foucherly,  was  diftant  from  it  39'  58^  The  Places  of  thcfe 
two  Stars  I  have  not  yet  obferved. 

The  next  Night  proved  cloudy,  fo  that  I  could  not  fee  the  Co- 
met again  till  OSlober  12.  when  the  Air  being  very  ferene  and  clear 
we  had  an  Opportunity  of  comparing  it  with  two  or  three  fmall  Stars 
that  were  near  it  \  my  Uncle,  the  Reverend  Mr.  Pounds  aflifting  in 
this  and  moft  of  the  following  Nights  Obfervations.  At 
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At  7  h.  12'  a  fmall  Star,  whofe  Right  Afcenfion  was  found  304.'' 
40'  23^  and  its  Declination  7^  8'  22"^  S.  preceded  the  Comet  in 
Right  Afcenfion  26'  21^  being  10'  42^  more  Northerly.  Hence 
the  Comet's  Right  Afcenfion  was  305^  6'  44''  and  its  Declinati- 
on 7°  19' 4^  s. 

At  8  h.  50'  the  Comet  was  in  the  fame  Parallel  of  Declination 
with  another  fmall  Star,  whofe  Right  Afcenfion  was  found  305** 
9'  56^  and  its  Declination  7**  13'  20^  S.  and  preceded  the  faid 
Star  6'  20''  in  Right  Afcenfion.  Hence  the  Right  Afcenfion  of  the 
Comet  was  305®  3'  36^  and  its  Declination  7""  13'  20^  S.  Thefe  Ob- 
fervations were  made  with  a  Telefcope  of  15  Foot  fumifhed  with  a 
Micrometer,  as  were  alfo  all  thofe  of  the  following  Nights. 

The  next  Night,  OSloher  13.  6\  58'  the  Comet  followed  a  fmall 
Star,  4'  10^  in  Right  Afcenfion,  bein^  more  Northerly  than  the  Star 
11'  45^  The  Clouds  did  not  permit  us  to  obferve  the  Place  of 
this  Scar;  but  its  Right  Afcenfion  muft  be  about  304^  22' and  its 
Declination  6°  10'  S. 

OSlober  14.  the  Comet  was  near  two  Stars  which  are  the  66th  and 
67th  of  Aquila  and  Antinous  in  the  Britijh  Catalogue,  and  at  8^  57' 
it  followed  the  fouthcrmoft  of  them  20'  37^  in  Right  Afcenfion,  be- 
ing  29'  8^  more  foutherly.  Hence  the  Comet's  Right  Afcenfion  was 
303**  49'  10^  and  its  Declination  4*^  43'  54^  S. 

OSloher  15.  6*^  35' the  Comet  preceded  the  northermoft  of  the  faid 
Stars  23'  6^  in  Right  Afcenfion,  being  more  foutherly  than  the  Star  4' 
15^  Hence  the  Right  Afcenfion  of  the  Comet  was  303°  24'  40^^. 
its  Declination  3®  51'  3^  S. 

Offober  21.  6**  22'  a  fmall  Star,  whofe  Right  Afcenfion  was  found 
301°  7'  17^,  and  its  Declination  o^  11'  50"  S.  preceded  the  Comet 
41'  6^  in  Right  Afcenfion,  being  5'  50'^  more  foutherly.  Hence  the 
Comet's  Right  Afcenfion  was  301^  4S'  23''  and  its  Declination  o^' 
6'  o^  S. 

OHober  22.  6*  24'  a  fmall  Star,  whofe  Right  Afcenfion  was  found 
301*^  59'  M"  ^^d  '^  Declination  o'  32'  43''  N.  followed  the  Co- 
met \  a  Mmute  in  Right  Afcenfion,  being  13'  43^^  more  northerly. 
Hence  the  Comet's  Right  Afcenfion,  was  30 1'^  39'  17^  and  its  De- 
clination o^  19'  o^  N. 

OSlober  24.  8^  2'  a  fmall  Star,  whofe  Right  Afcenfion  was  found 


4'  10^  N. 

O£tober  29.  8**  s^'  2l  fmall  Star,  whofe  Right  Afcenfion  was  found 
301^^  6'  20^  and  its  Declination  2^  51'  o''  N.  preceded  the  Comet  one 
Minute  in  Right  Afcenfion,  being  23'  40'^  more  Nortlvirly.  Ht:nce 
the  Comet's  Right  Afcenfion  was  301°  7'  20^^  and  its  D:cIinvition  2^ 
27'  20^  Nt 

OHohcr 
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O cither  30.  6»»  20'.  The  fame  Star  had  cxadtly  the  fame  Right 
Afccnfion  with  the  Comet,  being  11'  33''  more  Northerly.  Hence 
the  Comet's  Right  Afcenfion  was  301^  6' 20^  and  its  Declination  2** 

39'  2"]"  N. 

November  5.  5^  53'  a  fmall  Star,  whofe  Right  Afcenfion  was  found 
300^  ^5'  00'^  and  its  Declination  3°  45'  30^^  N.  preceded  the  Comec 
33'  o''^  in  Right  Afcenfion,  being  2'  8^  more  Southerly.  Hence  the 
Comet's  Right  Afcenfion  vas  301°  8'  d^  and  its  Declination  3*^  47' 
38^^  N. 

Novemher  8.  7»»  6'  a  bright  Star  (  placed  by  Hevelius  in  Rojlro  A- 
quilcSy  but  not  inferted  in  the  Britijh  Catalogue )  whofe  Right  Af- 
cenfion at  this  time  was  found  302^  21'  30^  and  its  Declination  4**  28' 
40'^  N.  followed  the  Comet  1°  7'  40^  in  Right  Afcenfion,  being 
13'  3^  more  Northerly.  Hence  the  Comet's  Right  Afcenfion  was 
301''  13'  50^  and  its  Declination  4^  15'  37^  N. 

November  14.  6^  20  a  Star,  whofe  Right  Afcenfion  was  found 
301**  27'  lo'-^  and  its  Declination  4**  $()^  ^o"  N.  preceded  the  Comet 
5'  35''  i'^  Right  Afcenfion,  being  5'  50''  more  Southerly,  Hence  the 
Comet's  Right  Afcenfion  was  301^  32' 45^  and  its  Declination  5°  5' 
30^  N. 

This  was  the  laft  Time  that  I  obfervcd  the  Place  of  the  Comet 
•till  after  the  Full  Moon  ;  my  Affairs  calling  me  to  Oxford^  where  I 
had  no  Convenience  for  making  fuch  Obfervations. 

Dr.  Halley  and  Mr.  Graham  continued  to  obferve  the  Comet  'till 
November  20  ;  and  according  to  both  their  Obfcrvations  that  Even- 
ing at  7**  45'  the  Comet  followed  3  in  Collo  Aquila  6^  33'  s^'^  in 
Right  Afcenfion,  being  about  4'  more  Northerly  than  the  Stan 
Hence  the  Comet's  Right  Afcenfion  was  301''  59'  50^  and  its  Decli- 
nation 5^  48'  55^  N. 

The  Light  of  the  Moon  daily  increafing,  prevented  them  from 
making  any  more  Obfervations,  the  Comet  being  by  this  time  grown 
fo  faint,  as  to  become  in  a  manner  imperceptible  while  the  Moon 
flione  bright  And  the  faint  Appearance  which  it  made  before  the 
Moon  obilrucfled  the  Sight  of  it,  gave  little  Hopes  of  its  being  to 
be  feen  again  after  the  Full  Moon.  Notwithftanding  which  on 
December  3.  (being  then  near  Cirencejler  in  Glocejlerjhire )  I  was 
tempted  by  the  Serenity  of  the  Evening,  and  the  Ufe  of  a  very  good 
Telefcope  of  10  Foot,  to  look  for  it  again  before  the  Moon  rofe  ; 
and  I  found  it  among  fome  fmall  Telefcopical  Stars  ;  but  it  appeared 
fo  faint  and  dull,  as  made  it  doubtful,  whether  what  I  took  for  the 
Comet  might  not  be  a  fmall  Star  with  a  little  Hazineis  about  it. 
But  this  Doubt  was  cleared  two  Nights  after  j  when  I  f)erceived  that 
the  Comet  was  moved  from  its  former  Situation,  towards  a  bright 
Telefcopical  Star,  from  which  I  afterwards  took  its  Difference  of 
Right  Afccnfion  and  Declination,  upon  my  Return  to  Wanfied^  on 
Dec,  7.     This  Star's  Right  Afccnfion  was  then  found  303^  39'  20^ 

and 
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and  its  Declination  7^  32'  30^  N,  And  Decemb.  7.  6»  45'  the 
Comet  followed  it  3'  15^  in  Right  Afcenfion,  being  14'  more  Nor- 
therly than  the  Star.  Hence  the  Comet's  Right  Afcenfion  was  303^ 
42*  35^  and  its  Declination  7®  46'  30^  N. 

This  was  the  laft  Night  that  I  faw  the  Comet,  though  I  believe  I 
might  have  continued  to  have  obfcrved  it,  had  not  an  uninterrupted 
Succeffion  of  cloudy  Evenings  prevented  fo  long,  that  it  became  un- 
certain where  to  look  for  it. 

The  forementioned  Obfervations  are  the  Principal  of  all  that  were 
made  at  Wanted ;  and  mod  of  them  being  taken  from  Stars  which 
are  not  in  the  Britijb  Catalogue,  whofe  Places  therefore  are  here 
determined,  only  by  comparing  them  with  fome  that  were ;  it  can- 
not be  fuppofed  that  the  Comet's  Places  deduced  from  them  are  al- 
together exad.  For  which  Reafon  I  have  all  along  fet  down,  not 
only  the  Place  of  the  Comet  and  Star  where  it  was  known,  but  alfo 
the  Particulars  of  the  Obfervation,  that  if  any  hereafter  (hould  be 
willing  to  examine  the  Track  of  this  Comet  more  nicely,  they  may 
know  where  to  find  the  Stars  from  which  it  was  obferved.  The 
Places  of  the  Stars  here  fet  down  are  abundantly  fufficient  for  that 
Purpofe,  as  will  appear  from  the  following  Table,  which  contains 
the  Longitudes  and  Latitudes  of  the  Comet  deduced  from  the  fore- 
going Obfervations,  together  with  the  Places  of  the  Comet  calcula- 
ted from  the  Theory  of  Gravity,  for  the  Times  of  Obfervation  on 
the  leveral  Days  therein  mentioned,  as  alfo  the  Differences  between 
the  obferved  and  computed  Places.  Thofc  Differences  not  exceed- 
ing one  Minute,  (hew  that  the  Obfervations  are  not  only  confonant 
to  each  other,  but  that  the  Places  of  the  Stars  are  likwife  near  the 
Truth,  fince  the  Comets  Places  deduced  from  them  are  found  all  a- 
long  to  agree  fuificiently  near  with  the  Theory  of  Gravity  5  the 
Truth  of  which  having  long  fince  been  eftabliih'd  by  its  great  Au- 
thor Sir  Ifaac  Newton^  and  my  worthy  Collegue  Dr.  HMey^  needs 
not  the  Confirmation  of  fo  fiiort  a  Series  of  Obfervations  as  was 
made  of  this  Cbmet.  But  fhort  as  it  is,  I  prefume  'twill  be  no 
cafy  Matter  to  account  for  the  Obfervations  with  the  fame  Degree 
of  Exadtnefs  any  other  way,  than  by  that  Theory,  according  to 
which  the  following  Compuutions  are  made. 
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3 
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In  order  to  determine  the  Orbit  of  this  Comet,  I  fuppoftd  it  to 
defcribe  a  Parabola  agreeable  to  what  is  delivered  in  the  third  Book 
of  Sir  Ifaac  Newlon*s  Princip.  Mafh.  and  then  I  found  the  Inclinati- 
on of  the  Planes  of  the  Orbit  and  Ecliptick  49^  59'.  The  Place  of 
the  Afcending  Node  T  14?  iff.  The  Place  of  the  Perihelion  b  12° 
52'  20'''.  The  Diftance  of  the  Perihelion  from  the  Node  28  <»  36'  20^. 
The  Logarithm  of  the  Perihelion  diftance  0.999414-  The  Loga^ 
rithm  of  the  Diurnal  Motion  9.961007.  The  Time  of  the  Comeths 
being  in  its  Perihelion,  Sept.  16.  iff"  10' equal  Time.  In  itsOrbic 
thus  ficuated,  the  Motion  of  the  Comet  was  Retrograde  or  contrary 
to  the  Order  of  the  Signs. 

;  From  thefe  Elements,  by  the  Help  of  Dr.  HalUy's  general  Table 
lor  Comets  ( to  which  they  are  adapted )  I  computed  the  Places  in 
the  foregoing  Table  ;  which  agreeing  with  the  obfcrved  Places  as  near 
as  the  Obfervations  themfelves  agree  one  with  another,  Ihew  that  it 
would  be  a  vain  Attempt  to  pretend  to  determine  the  true  EUipfc  in 
which  this  Comet  moves,  or  its  Periodical  Revolution,  from  fo  fmall 
a  Part  of  its  Orbit  as  that  was,  which  it  defcribed  between  the  firft 
and  laft  of  the  foregoing  Obfervations ;  this  therefore  muft  be  left  to 
Pofterity,  efpecially  fmce  it  is  certain,  that  this  Comet  is  not  one  of 
thole  of  which  Obfervations  have  hitherto  been  tranfmitted  to  us 
fufficicnt  to  determine  the  Situation  of  their  Orbits.  * 

The  Nucleus  of  this  Comet  was  very  little,  for  it  appeared  but  of 
a  fmall  Diameter  when  I  firft  fiw  it,  although  it  was  then  above 
three  times  nearer  to  the  Earth,  than  the  Sun  is  at  its  mean  Diftance. 
Irs  Tail  was  then  hardly  difcernable  with  the  naked  Eye,  but  thro* 
a  Telefcope  one  might  perceive  a  faint  Light  extending  icfelf  above 
a  Degree  from  the  Body  j  [^^y^ 
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I  have  not  yet  heard  that  this  Comet  was  feen  before  O£loher  6.  al- 
though it  was  in  a  proper  Situation  to  have  been  obferved  in  the 
Morning,  moft  part  of  September,  efpecially  from  the  Time  it  was 
in  its  Perihelion,  *till  near  the  End  of  that  Month.  For  about  that 
Time  it  crofled  the  Milky-way  between  the  Maft  of  the  Ship  and 
the  Head  of  the  great  Dog,  pafling  between  the  bright  Stars  in  the 
Body  and  Tail  of  the  great  Dog,  towards  the  Head  of  the  Dove, 
where  it  was  about  September  29.  being  by  that  time  got  fo  far  to- 
wards the  South  Pole,  as  not  to  rife  above  our  Horizon.  From 
thence  it  paffed  under  the  Tail  of  Xiphias  within  about  15®  of  the 
South  Pole  of  the  Ecliptick  ;  and  moving  on  between  the  Head  of 
Hjdrus  and  the  bright  Star  in  Eridanus  called  Acbarnary  it  went  by 
the  Stars  in  the  Body  and  Neck  of  the  Crane  about  OSlober  5.  when 
it  came  again  above  our  Horizon.  From  hence  pafling  under  the 
Tail  of  the  Southern  Filh,  and  between  the  Stars  in  the  Shoulder  of 
Capricorn^  it  crofled  the  Ecliptick,  OSlober  8.  in  about  8°  f  of 
Jquarius.  From  thence  it  moved  on  by  the  Hands  of  Aq^uarius 
and  Jntinous  towards  the  Head  of  the  Eagle^  according  to  its 
Courfc  before  defcribed. 

The  Comet  was  in  Oppofition  to  the  Sun  OSlober  i.  when  it  had 
near  74**  Southern  Latitude,  and  altered  its  Longitude  two  Signs 
in  a  Day.  About  OSlober  3.  it  was  in  its  Perigaeon,  or  neareft 
Diftance  to  the  Earth,  being  then  almoft  ten  times  nearer  to  it  than 
the  Sun  is  at  its  mean  Diftance  5  and  its  apparent  Motion  was  then 
about  20®  in  a  Day,  and  when  I  laft  faw  it,  'twas  above  twice  as 
far  oflT  as  the  Sun. 

His  Lordfliip  being  at  Witham  in  EJfeXy  where  he  had  the  Ad-  2]  ohferva- 
vantage  of  a  verv  clear  Sky,  firft  difcovered  this  Comet  on  Friday  tiims  of  the 
the  I  ith  of  OSloUr  laft  about  7  in  the  Evening  5   it  then  appeared  fifne  at  Wit- 
not  much  unlike  a  Star  of  between  the  4th  and  5th  Magnitudes,  but  x*"l'^^^' 
a  Hazinefs  round  the  Head,  and  fome  Light  ftreaming  from  it  on  that^]^'  Lord?^i 
Side  that  was  oppofite  to  the  Sun,  induced  him  immediately  to  look  ky.  N«  ^82! 
upon  it  as  a  fmall  Comet ;  which  his  Obfervation  the  next  Evening  f.  50. 
abundantly  fatisfy*d  him  of.     His  Lordlhip  was  very  particular  in 
the  Notice  he  took  of  its  Appearance,  and  was  pleafcd  to  commu- 
nicate the  three  curious  annexed  Figures  [^Ftg.  109,  no,  11 1.]  of  it, 
reprefenting  it  on  three  feveral  Nights,  viz.  the  nth,  13th  and  15th  P5g.109.110, 
ot  the  fame  Month  ;  fome  time  after  which  the  Tail  became  fo  in-  *"• 
confiderable  as  hardly  to  deferve  any  farther  Defcription  •,  as  will 
be  readily  judged  from  the  Decreafe  of  it  between  the  nth  and 
15th  Days  of  the  Month.     The  Tail  was  vifible  on  the  nth  to 
near  a  Degree's  Diftance  from  the  Body,  as  his  Lordfliip  found  by 
comparing  it  with  fome  known  Diftances  in  the  Heavens  -,  it  was  of 
a  dufky  Light  not  unlike  a  Cloud  growing  darker  and  darker  to- 
wards its  Extremity,  as  is  exprefsM  in  the  firft  Figure,  where,  as  well 
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as  in  the  two  following,  the  white  Speck  in  the  Head  is  intended  to 
exprefs  the  Brightnefs  of  a  fmall  Star ;  from  the  Comparifon  of 
which  with  the  Tail  the  Brightnefs  of  the  latter  may  in  fome  fort  be 
collefted :  The  Tail  appeared  (harper,  and  not  fo  much  fpread  in 
the  two  following  Obfervations,  and  in  the  laft  did  not  exceed  one 
third  Part  of  the  firft  Length ;  it  was  then  of  a  much  darker  Co- 
lour, which  made  the  Difference  between  that  and  the  Head  more 
obfervable,  the  Head  yet  appearing  fufficiently  bright.  For  fome 
following  Nights  his  Lordfliip's  Obfervations  were  interrupted  by 
cloudy  Weather,  after  which  the  Comet  was  fo  far  diminifli'd,  as  on- 
ly to  be  known  by  its  Motion,  its  Appearance  being  no  ways  diftin- 
guifliable  from  that  of  a  fmall  nebulofe  Star, 

3]  nifam  Die  17  OSlobrisj  poftquam  Jovialium  Comitum  fitum  obfervaflenn 
9^firviJ  at  forte  in  Conftellationem  Capricorni  oculos  conjeci  5  cumque  aftra  fin- 
sfff*"Fr  ^i.  S"'^  percurrerem,  in  quandam  veluti  nebulofam  ftellam  incidi,  cae- 
anchini,  Md  teris  lane  grandiorem,  quam  tamen  ibidem  loci  nunquam  antea  ob- 
#/ Lisbon, /ijr  fervaram.  Rei  novitatem  perfcrutaturus,  co  Telefcopium  dircxi,  fta- 
F.  Carbone  timque  Cometen  effe  dcprehcndi ;  fiquidem  tenuilfimae  nebula  globus 
c/  ^°^'  apparuit,  ejufgue  in  medio  veluti  lucidus  nucleolus.  Idem  quoque 
N?382.  f.  nudis  oculis  difcerncre  licuit ;  &  oraeter  nebulam,  feu  Comets  at- 
51^  mofphaeram,  brevem  quoque  caudam,  quae  ad  orientem  vergebat. 

Fig.  112.       cratque  hujufmodi.     [Fig.  112.] 

Ne  nac  igitur  ca  occafio  praeteriret,  confuetas  circa  ilium  obferva- 
tiones  inftitui,  ut  ejus  Longitudinem,  Latitudinem,  propriumque 
motum  deprehenderem. 

Et  quidem  prima  node,  (dienempe  17  fupradifta, )  tranfiic  per 
Meridianum  ( qui  pene  cum  Romano  coincidit )  circa  horam  iepti- 
mam  44^  pod  Mend,  ejufque  diftantia  a  Zenith,  6g^  29^ 

Hora  8.  1 1'  30^  diftantia  Cometse  a  Fomabant  jiquariij  intercepts 
eft,  20^  33'  &  hora  8.  i?'  30^  diftabat  a  Stella  j3  in  humero  dextro 
Aquarisy  2i<^  8'.  Proindcque  verfabatur  Cometes  in  n«  54'  ^- 
quarii,  cum  Latitudine  Auftrali  ab  Ecliptica  ii**  10'  circiter. 

Die  21.  eratadeo  proximus  Stellas  s  in  Lino  fupra  manum  fini- 
ftram  Jquarii^  quam  ipfa  f  eft  proxima  Sellas  jui  minori  in  eodem 
Lino,  conftituebatque  Cometes  cum  utraque  Stella  t,  ft,  reftam  Li- 
neam,  fie  [Ftg.  113.]  Ex  hac  igitur  obfervatione,  &  ex  Afcenfionis 
Fjg.  ii|.  redtae  ncc  non  declinationis  differentia  inter  Cometen,  &  fupradidam. 
Stellam  t  quam  diligentillime  obfervavi,  infertur  locus  Cometse  fuifle 
in  6^  45'  Aquarii  cum  Latitudine  Boreati  ab  Eclipt.  8^  5'; 

Hincetiam  infertur  qualis  Comets  motus  proprius  fuerit,  &  quale 
iter  ;  per  planum  fcilicet  circuli  maximi  fecantis  Echpticam  in  gradu 
9  Aquarity  &c  eonftituentis  cum  eadem  Ecliptica  angulum  80  gra- 
duum  circiter. 

Reliquis  diebus  eadem  femper  proportione  moycbatur,.  magifque 
ki  dies  eloDgari  a  terra  viilis  eft* 

Paral- 


Obferoatiom  on  Comets.  267 

Parallaxim  nullam  fcnfibilem,  ctfi  pluries  intentaverim,  depre- 
hendere  potui ;  proindeque  maxima  ejus  diftancia  a  terra  creden- 
da  eft. 

Ha£tenus  Illuftriffimus  Dominus  Francifcus  Biancbini  in  Mathema- 
ticis  Scientiis  apprime  cruditus,  &  in  obfervando,  quoad  noverim, 
accuratiffimus.  Ejus  obfervatio  a  noftra,  mea  fcllicet,  ac  Prioris 
Dominici  Capaffi  vix  in  uno  auc  altero  minuto  quoad  latirudinem  dif- 
crepavit,  cseterJim  omnino  conformis.  Quapropter  nee  illam  hie  ar- 
bitror  apponendam« 

In  the  Month  of  OHober  1723,  being  riding  at  Bombay^  a  Bright-  43  defame 
ncfs  in  the  Heavens  appeared  in  a  Right  Line,  (or  but  very  little  ^'Tf^^^ 
to  the  Eaftward  of  ope)   with  Zyr^  and  the  Bright  Star  in  t\i^Mr^'k^ 
Eagle^  being  about  50^  diftant  from  the  laft ;   and  on  Monday  the  Saundcrfon. 
7th  foUowbg  it  had  advanced  10**  toward  the  Eagle ^  moving  to-  N«397.^, 
wards  it  in  the  forementioned  Diredlion,  from  the  S.  E.  Quarter.  *»3- 
I  took  the  following  Diftances  between  9  and  10  at  Night,  as  in 
this  Table. 


OSlober. 

Days. 

I 

7 

2 

10 

3 

II 

4 

13 

5 

15 

6 

19 

Dift.  from  the 
Eaglets  Heart. 


40 

20 

17 
14 
II 


00^ 
50 

3^}.South 

40  r 

40 

40J 


At  firft  it  looked  only  like  one  of  the  White  Spots  called  the  Ma- 
gellanic  Clouds^  the  Space  filling  the  Field  of  a  Six-foot  Glaft.  KU 
terwards  I  faw  the  Head  in  the  Center  of  the  illuminated  Space, 
which  did  not  look  with  much  Brightnefs  ;  but  appeared  largell  on 
the  loth  of  O£loberj  dccreafing  gradually  both  in  its  Bulk  and  Mo- 
tion from  that  time  until  the  25  th,  at  which  time  I  could  find  no  Ap-r 
pearanceof  it  with  the  forementioned  Glafs.  N.  B.  From  the  20th 
to  the  25th  it  had  nearly  the  fame  Place  in  the  Heavens,  feeming  to 
move  dircdiy  from  the  Earth. 

The  29th  of  February y  at  about  half  an  Hour  paft  ten  at  Night,  53  ^^  At- 
I  judge  ( having  a  good  Obfervation  at  Noon )  we  were  in  Lat.  34^  ^mt\e{n  FcC 
28'  South,  and  Long.  12^  35' Weft  from  C^pc  Bonne  Efperancej  the  29,  173!^  if 
Moon  fhining  very  bright,  being  near  the  Full,  we  faw  fomething  Mr.  J.  Dove, 
very  bright  rife  about  Weft,  which  I  judge  to  be  a  Comet :    Tt  fet  ^®  ^^S'f' 
about  Eaft,  paffuig  froni  Weft  to  Eaft  in  about  five  Minutes,  be-  ^93- 

tween. 
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twcen  the  Moon  and  our  Zenith,  and  to  the  Southward  of  Spica 
Virginu  \  it  carried  a  Stream  of  Light  after  it  about  40^  long,  and 
1®  or  i^  J  broad ;  the  Brightnefs  of  the  Moon  outfhined  the  Co- 
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met  as  It  came  near  it. 

The  Defign  of  this  Treatife,  is  to  give  an  Account  of  fome  new 
Aftronomical  Difcoveries  relating  to  the  Planet  VenuSy  which  the  Au- 
thor difpofes  under  four  Heads  ;  viz. 

1.  The  Defcription  of  the  du(ky  Spots  obferved  in  her  Difk. 

2.  Her  Rotation  round  an  Axis»  the  Pofition  of  which  is  deter- 
mined by  the  apparent  Motion  of  thofe  Spots,  together  with 
the  Time  of  her  Revolution. 

3.  The  Parallelifm  of  that  Axis  to  itfelf  in  all  Parts  of  the  Pla- 
net's Orbit. 

4.  Obfervations  in  order  to  determine  the  Horizontal  Parallax  of 
Venus^  and  confequently  thofe  of  the  Sun  and  other  Planets. 

He  takes  Notice  of  five  remarkable  Sports  in  her  whole  Surface, 
the  two  fmalleft  of  which  are  placed,  one  near  each  Pole,  the  other 
three  lie  along  the  -Equator,  and  cover  good  Part  of  a  Zone,  ex- 
tended to  about  30  Deg.  of  Latitude  on  each  Skle.  He  reprefents 
them  to  be  much  like  the  larger  dark  Spots  in  the  Moon,  which  are 
ufually  called  Seas^  but  confiderably  fainter,  fo  as  not  to  be  eafily 
difcernable  even  to  a  ftiarp-fighted  Obferver,  without  the  Afiiftance 
of  a  Telefcope,  capable  of  rcprefcnting  diftindly  the  Planet  under 
an  Angle  equal  at  leaft  to  that  under  which  the  Moon  appears  to  the 
naked  Eye,  and  with  an  Aperture  of  3  or  4  Inches  of  the  Roman 
Palm,  He  then  proceeds  to  give  the  Defcription-of  a  Machine  con- 
trived by  him  to  reprefent  to  the  Sight  the  Motion  of  the  Earth  and 
Venus  in  their  Orbits,  and  by  the  Means  of  a  Lamp  placed  in  the 
Center,  to  fhew  the  Phafes  of  the  Planet,  and  Appearance  of  the 
Curve  Lines  defcribed  by  the  Revolutions  of  the  Spots  round 
the  Axis. 

This  Revolution  he  makes  greatly  different  from  thofe  of  the  Earth 
and  Mars  ( the  two  Bodies  next  in  order  of  the  Planetary  Syftem  ) 
both  in  the  Pofition  of  the  Axis  and  Time  of  the  Period,  He  placei 
the  Colurus  Solftitiorum^  or  Plane  pafiing  through  the  Axis  of  the 
Planet  and  Tropical  Points  of  its  Orbit,  about  the  20th  Decree  of 
Leo  and  Aquarius j  and  gives  the  Planes  of  its  .Equator  and  Ediptick 
an  Inclination  to  each  other  of  about  75  Degrees,  He  determines 
the  Time  of  the  Revolution  to  be  about  24  Days  and  8  Hours, 
inftead  of  23  Hours,  as  it  has  been  generally  taken  to  be  from  fome 
Obfervations  made  by  Mr.  Cajftni  in  the  Year  1666  and  1667,  but 
which  he  himfelf  did  not  feem  much  to  rely  on.  Now,  both  thefe 
Periods  may  be  very  confiftent  with  the  feme  Obfervations,  provid. 

ed 
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€d  that  one  of  the  Obfervers  did  not  continue  his  Obfervations  fbr 
any  confiderabJe  Time  at  once.  For  if  the  exaft  Situation  of  any 
Spot  be  obferved  at  any  given  Hour  one  Day,  and  at  the  fame  Hour 
the  fucceeding  Day  be  found  advanced  about  15  Degrees  or  ^^  of 
the  whole  Revolution,  it  may  ftill  remain  doubtful,  whether  the  Spot  • 

has  moved  only  through  thofe  15  Deg.  in  that  Day,  or  has  made  one 
or  more  entire  Revolutions  befides  in  that  Time.     This  the  Author 
was  aware  of,  and  therefore  waited  for  an  Opportunity  of  attending 
CO  the  Motion  of  a  Spot  as  long  at  once  as  the  Vicinity  of  Venus 
to  the  Sun  would  admit  of.     Accordingly,  teb.  26,  1726.  a  little 
after  Sun-fet,  he  obferved  a  Spot  near  the  Center  of  her  Difk,  where 
its  Motion  is  moft  perceptible  m  a  fhort  Time,  and  about  3  Hours 
after,  perceived  the  fame  Spot  not  fenfibly  removed  ;  from  which  he 
concluded,  the  Period  of  its  Revolution  could  not  be  fo  fhort  as  one 
Day,   fince,    if  it  were  fo,  the  Change  of  Place  of  the  Spot  muft 
have  been  very  fenfible  in  that  Time.     It  were  to  be  wifhed  the  Au- 
thor had  had  Opportunities  of  confirming  this  Period  by  more  Obfer- 
vations, efpecially  fince  it  was  neceffary  to  begin   them  foon  after 
Sun-fet,  and  continue  them  till  Venus  was  near  the  Horizon ;  the 
Strength  of  the  Twilight  in  the  firfl  Cafe,  and  the  Thicknefs  of  the 
Atmofphere  through  which  the  Planet  mufl  be  feen  in  the  latter,, 
rendring  the  Obfervations  very  difficult. 

The  next  Article  of  his  Obfervations,  is  the  Continuance  of  the 
Axis  in  the  fame  Parallelifm,  through  the  whole  Orbit  of  the 
Planet.  This  is  fo  neceffary  and  obvious  a  Confequence  of  the 
eftablifhed  Laws  of  Motion,  that  there  needs  no  more  to  be  faid 
aboat  it. 

The  4th  Article  contains  an  Account  of  fome  Obfervations  made 
to  determine  the  Parallax  of  Venus  in  the  Year  1716.  The  Me- 
thod he  ufed  for  this  Purpofe,  was  to  take  the  fcveral  Diflances  of 
Time  between  the  Appulle  of  the  Limb  of  Venus  and  of  Regulus 
(  which  Star  fhe  pafs'd  by  about  that  Time )  to  a  horary  Circle 
very  near  the  Meridian,  and  to  another  about  6  Hours  after, 
which  he  meafured  by  the  Pulfes  of  a  Watch,  of  which  143  went  to 
I  firft  Minute  of  Time,  He  likcwife  obferved  the  AJteratbn  of 
thofe  Diflances  taken  at  the  fame  Hour  feveral  Days  one  after  ano- 
ther, and  allowing  a  proportional  Alteration  for  the  Time  between 
the  two  Obfervations,  he  computed  what  the  Difference  of  their 
right  Afcenfion  ought  to  have  been  in  the  latter  of  them,  if  there 
were  no  Parallax  ;  then  comparing  this  Difference  with  that  obferv- 
ed, he  concluded  the  Difagreement  to  be  the  Parallax  of  right 
Afcenfion.  This  Method  the  iVuthor  feems  to  depend  on  fo  much, 
as  to  think  that  an  equal  Degree  of  Exaftncfs  is  hardly  to  be  ex- 
pedted  from  any  other  hitherto  praftifed  :  But  if  we  confidcr  that 
the  whole  Parallax  of  right  Afcenfion  amounts  by  his  Obfervations 
to  no  more  than  4  Pulfts  of  his  Watch,  and  that  he  allows  a  Poffi- 

bility 
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bility  of  an  Error  near  ons  of  thofe  Pulfes  in  taking  each  of  the 
Tranfits,  it  is  evident  that  if  fuch  an  Error  be  adlually  commit"* 
ted  in  each  of  the  Obfervations  on  which  the  finding  of  the  Pa- 
rallax depends,  and  all  of  them  happen  to  confpire  the  famo^Way^ 
the  Refult  of  all  together  may  poflibly  be  greater  than  the  whole 
*  Parallax  found.     Upon  the  whole,  he  makes  the  Horizontal  Pa- 

rallax of  Venus  at  that  Time  to  have  been  24^  20'^,  and  that  of 
the  Sun  14''  18'^ ;  but  as  he  takes  no  Notice  of  the  Latitude  of  the 
Place  in  deducing  the  Horizontal  Parallax  from  that  of  right  Afccn- 
fion,  they  both  ought  to  be  encreafed  on  that  Account  by  about  f » 
or  in  Proportion  of  3  to  4.  If  therefore  there  be  no  other  Miflake 
in  his  Numbers,  the  Horizontal  Parallax  of  the  Sun,  as  deduced 
from  his  Obfervations,  fhould  be  about  19^. 

He  concludes  with  giving  fome  Cautions  to  thofe  who  may  attempt 
hereafter  to  repeat  thefe  Obfervations,  both  in  Regard  to  the  Time 
proper  for  it,  and  the  Choice  and  Conftitution  of  the  Tclcfcope  to 
be  made  ufe  of.  For  greater  Eafc  of  the  Obferver,  there  is  at  the 
End  a  double  Table,  containing  the  Heliocentric  and  Geocentric 
Motions  of  Venus  for  eight  Years  ;  after  which  Space  of  Tinic,  the 
Earth  and  Venus  return  very  nearly  to  the  fame  Situation. 

For  a  Telefcope  of  100  Roman  Palms  he  allows  an  Aperture  of  j 
or  4  Inches  of  that  Palm,  with  an  Eye-glafs  whofe  focal  Length 
may  be  fi-om  7  to  1 1  of  the  fame,  but  what  he  diredis  in  longer  In- 
ftruments  to  increafe  the  Breadth  of  the  Aperture  and  focal  Length 
of  the  Eye-glafs  in  the  fame  Proportion  with  the  Inftrument,  muft 
certainly  be  the  EfFcd  of  fome  Miftake :  For  in  this  Cafe,  a  longer 
Telefcope  will  magnify  no  more  than  the  (horter,  but  only  have  the 
Strength  of  Light  in  the  ObjeA  encreafed  in  Proportion  to  die 
Square  of  the  Length. 

An  Account  of  Books  and  Papers  omitted. 

N«389./.  ;      I*  Hijtoria   Caleftis    Britannica^    tribus  voluminibus  contenta^ 
350-  '  Audkore  Joanne  Flamfleedio  Aftronomo  Regio. 

NO  419  p:         25  A  Catalogue  of  the  Eclipfes  of  the  4  Satellites  of  Jupiter  for 
109.  the  Year  1732.  by  James  Hodgfon^  F.  R.  S.  and  Mafler  of  the 

Royal  Mathematical  School  at  Cbrifi's  Hofpitaly  London. 


CHAP. 


A  new  Contrivance  for  taking  Levels*  271 

CHAP.     IV. 

SURVET  I  N  G. 

THAT  the  Air  Thermometer  is  alfo  a  Barometer,  has  been  ANewCon^ 
obferved  long  ago  j  rand,  becaufe  the  Liquor  ia  it  will  rife  and  ^rivancefor 
,  as  well  by  the  Change  of  the  Weight  of  the  Air,  as  by  the  *f''^^^  ^*^^ 
Air's  Rarefadion  by  the  Heat  and  Cold,  this  Inftrument  has  no  yT.x^^^^avL. 
longer  been  made  ufe  of  as  a  Thermometer,  and,  in  its  ftead.  Spirit  Jiers,z;.L.Z>.F, 
of  Wine  Thermometers,  hermetically  fealed,  have,   been  ufed  ever  ^-  ^-    N<» 
fincc.  385  ^  165. 

But,  becaufe  the  Errors  of  the  Air  Thermometer  (or  its  Difference 
from  the  Spirit  Thermometer  )  depend  only  upon  the  Change  of  the 
Weight  of  the  Atmofphere  from  what  it  was,  when  the  two  Ther- 
mometers were  fet  at  the  fame  Degree  of  their  refpeftive  Scales  ; 
the  late  Dr.  Hook  contrived  an  Inftrument,  that  he  called  a  Marine 
Barometer,  made  of  a  Combination  of  the  two  abovementioned  Ther- 
mometers 5  in  fuch  Manner,  that  a  third  Scale  being  made  ufe  of,  to 
obferve  the  Difference  of  the  two  Thermometers,  thereby  the  Change 
of  the  Air's  Gravity,  and  confequently  Storms,  Rains,  and  fair 
Weather,  might  be  foretold  at  Sea,  where  the  Quickfiver  Barometer 
becomes  ufelefs  by  the  fliaking  of  the  Ship. 

Dr.  Hallcy^    has  in  the  Pbilofopbicd  Tranfa£lionSt  propofed  Mr. 
Patrick*^  pendent  Barometer  for  taking  the  Level  of  aiftant  Places, 
tecaufe  the  Mercury j  in  the  Tube  of  the  faid  Barometer,  does  fome- 
times  rife  and  fall  a  F*oot,  or  a  Foot  and  a  Half  i    if  therefore  the 
Motion  of  the  Mercury  in  this  Barometer,  be  five  times  more  fenfi- 
ble  than  in  the  common  one,  -/^  of  an  Inch  of  Fall  of  the  Mer^ 
curjy  will  anfwer  to  an  Height  of  i8  Feet  5  and  therefore  fuch  an 
Inftrument  might  be  of  Ufe  in  taking  the  Levels  of  diftant  Places. 
But  I  know  by  many  Experiments,  that  this  will  not  anfwer  in  Prac- 
tice i  becaufe  as  the  Tube  of  fuch  a  Barometer  is  of  a  "very/  linaJI 
Bore,  the  Attraction  of  Cohefion,  whereby  the  Mercury  is  apt  to 
adhere  to  the  Tube,  will  difturb  the  Motion  of  the  Mercury  caufed 
by  the  different  Preffure  of  the  Atmofphere  ;  fo  that  fctting  up  this 
Barometer  feveral  Times  fucceflively  in  the  fame  Place, -it  will  often 
differ  a  Tenth  of  an  Inch,   or  more ;   and  if  it  be  fliaken,   as  is 
tommonly  done  to  fet  it  right,  the  Mercury  will  fometimes  part, 
and  a  Drop  of  it  fall  from  the  reft  %  fo  tliat  it  is  lefs  to  be  depended 
upoii  for  this  Ufe,  than  the  common  Barometer. 

Mr.  Stephen  Gray  has  often  made  a  very  fenfible  Barometer.    Into 
a  Bottle  CB|  he  fixes  a  Tube  A  B,  ot  a  very  fmall  Bore,  openpig.  ,14. 
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at  both  Ends,  and  cemented  tight  to  the  Neck  of  the  Bottle  at  C;  then 
having  warmed  the  Bottle  with  the  Hand  to  drive  fome  of  the  Air  out 
of  it,  he  immerges  the  End  A  into  Water,  t&iged  with  Cochinedy  fo 
that  as  the  Air  cools  in  the  Bottle  CB,  fome  of  the  red  Water  is  forced 
into  the  Bottle ;  then  fetting  the  Bottle  upright  again,  the  Liquor  in  the 
Bottle  will  ftand  at  B,  ( at^ve  the  End  of  the  Tube  )  and  that  in  the 
Tube  at  D;  but  if  it  fhould  ftand  higher  or  lower  than  D,  it  may  be 
brought  to  that  Place  by  fucking  or  blowing  at  A. ,  If  the  Inftrument, 
thus  prepared,  be  firft  fet  on  the  Ground,  and  a  fpringing  Ring  of  fine 
Wire  flipped  on  the  Tube  down  to  D,  by  Way  of  Index,  and  then  fet 
upon  any  Table,  or  other  Place,  fcarce  a  x  ard  higher,  one  may  obferve 
that  the  Liquor  is  rifen  fenfibly.     I  have  feen  it  rife  a  Quarter  of  an 
Inch,  when  the  Bottle  was  fet  but  a  Yard  higher  than  where  it  ftood 
before  \    fo  that  the  Column  of  Atmofphere,  that  prcfled  down  the 
Tube,  whilft  the  Machine  was  on  the  Ground,  being  Ihortened  on- 
ly three  Feet,  was  fo  overbalanced  by  the  Expanfion  of  the  Air  in 
the  Bottle  at  B,  that  the  Liquor  rofe  a  Tenth  of  an  Inch  above  D. 
There  is,  indeed,  a  great  Uncertainty  in  this  Inftrument ;  for  fince 
it  is  a  Thermometer,  as  well  as  a  Barometer,  the  Warmth  of  the 
Hand  that  touches  it,  or  even  comes  near  it,  will  make  it  rife,  if  the 
Air  in  the  Bottle  was  cold  before.     Mr.  <?r^y  therefore  contrived 
to  put  the  Bottle  C  B,  into  the  Veffel  F  E,  which  he  filled  with . 
Sand  -,  that  in  raifing  the  Inftrument,  and  moving  rt  up  and  down, 
the  Air  in  C  B  might  continue  in  the  fame  State,  and  the  Machine 
be  only  a  Barometer  during  the  Experiment. 

This  feems  to  bid  fair  for  an  Inftrument,  whereby  the  different 
Levels  of  Places  may  betaken;  but  upon  a  nice  Examin.ation,  it 
will  be  liable  to  Error.  For,  though  Sand  is  not  altered  in  its  Heat 
or  Cold  fuddcnly  ;  yet  in  two  or  three  Hours,  as  it  is  carried  mto 
a  warmer  or  a  colder  Place,  it  will  *  become 'hotter  or  colder,  and  the 
leaft  Degree  of  Heat  or  Cold,  communicated  to  the  Air  C  B,  will 
alter  the  Height  of  the  Liquor  at  D,  when  the  Inftrument  is  made 
fo  fenfible  as  I  have  mentioned.  Then  if,  in  carrying  the  Inftru- 
Fie.  lie.  'fnent,  it  ftiould  be  acckientally  inclined,  io  that  the  Liquor  in  the 
Bottle  fhould  not  cover  the  Bortqm  of  the  Tube  at  B,  fome  Liquor 
*nay  fall  out  df  the  Tube  at- B,  or  fome  Air  may  get  into  it:  each 
of -which  Accidents,  will  quite  fpoil  the  Experiment.  But  if  this 
Machine  be  made  portable,  without  any  Inconveniency,  and  be 
fecured  againft  the  Aft  ion  of  Heat  and  Cold  (or,  which  is  the 
fame,  if  the  Alterations  by  Heat  and  Cold  be  cxadly  allowed  for  ) 
it  will  be  of  very  great  Ufe  and  Certainty,  in  taking  the  Levels  of 
diftant  Places,  provided  they  be  not  fo  far  djftant  from  each  other, 
that'itn^quircs  above  fix  Hours  Time  to  carry  the  Inftrument  from 
one  Place  to  another:  nay,  very  diftant  Places,  even  at  two  or 
three  Days  Journey  from  one  another,  may  be  taken  tolerably  well 
with  two  Inftrumcnts,  nicely  adjufted  to  each  other,  if  they  be  takea 
3  notice 
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notice  of  by  two  Obfervers  at  the  fame  Hour,  in  fair  Weather,  and 
when  there  is  no  Wfnd. 

Now  fuch  an  Inftrument,  I  hope,  I  have  contrived,  whereby 
the  Difference  of  Level  of  two  Places,  which  could  not  be  taken  in 
lefs  than  four  or  five  Days  with  the  beft  Telefcope  Levels,  may  be 
taken  in  as  few  Hours. 

To  the  Ball  C  is  joined  a  recurve  Tube  B  A  of  a  very  fine  pig.  ii6. 
Bore,  with  a  fmall  Bubble  at  Top  at  A,  whofe  upper  Part  is  open. 
It  is  evident  from  the  Make  of  this  Inftrument,  that  if  it  be  incli- 
ned  in  carrying,  no  Prejudice  will  be  done  to  the  Liquor,  which 
will  always  be  right,  both  in  the  Ball  and  the  Tube,  when  the  In- 
ftrument is  fet  upright.  If  by  Heat,  the  Air  at  C  be  fo  expand- 
ed, as  to  drive  the  Liquor  to  the  Top  of  the  Tube,  the  Cavity  A 
will  receive  the  Liquor,  which  will  come  down  again  and  fettle  at  D, 
or  near  it,  according  to  the  Level  of  the  Place  where  the  Inftru- 
ment is,  as  foon  as  the  Air  at  C  returns  to  the  fame  Tenor  in 
refped  to  Heat  and  Cold.  To  preferve  the  fame  Degree  of  Heat, 
when  the  different  Obfervations  ^re  made,  the  Machine  is  fixed  In 
a  Tin  Veffel  F  E,  filled  with  Water  up  to  g  h^  above  the  Ball  5 
and  a  very  fenfible  Thermometer  has  alfo  its  Ball  under  Water,  that 
one  may  obferve  the  Liquor  at  D  in  each  Experiment, when  the  Ther- 
mometer ftands  at  the  fame  Height  as  before.  The  Water  is  pour- 
ed out,  when  the  Inftrument  is  carried,  which  one  may  do  conveni- 
ently by  means  of  the  wooden  Frame,  which  is  fet  upright,  by 
means  of  three  Screws,  fuch  as  j,  and  a  Line  and  Plumniet  f  P.  ^^^'  "7* 
At  the  back  Part  of  the  wooden  Frame,  from  the  Piece  at  Top  K,  Fig.  119. 
hangs  the  Plummet  P,  over  a  Brafs  Point  at  N:  M  /w  are  Brackets 
to  make  the  upright  Board  K  N  continue  at  Right  Angles 
with  the  horizontal  One  at  N.  Fig.  120.  does  likewife  reprefent  Fig.  120. 
the  wooden  Frame  and  Screws.  Fig.  118.  reprefents  the  pig  jjs. 
Machine  feen  in  Front,  fuppofing  the  Forepart  of  the  Tin  Veffel 
tranfparent.  And  here  the  Brafs  Socket  of  the  recurve  Tube,  into 
which  the  Ball  is  fcrewed,  has  two  Wings  at  II,  fixed  to  the  Bottom, 
that  the  Ball  may  not  break  the  Tube  by  its  Endeavour  to  emerge, 
when  the  Wirtcr  i»  powed  in  «  high  as  g  h. 

A-ftcr  I  had  contrived  this  Machine,  I  confidered,  that  as  the  Tube 
is  of  a  very  fmall  Bore,  if  the  Liquor  fhould  rife  into  the  Ball  A, 
in  carrying  the  Inftrument  from  one  Place  to  another,  fome  of  it 
would  ftick  to  the  Sides  of  the  Ball  A,  and  that  ujpon  its  Dcfcent 
in  making  the  Experiment,  fo  much  might  be  left  behjnd,  that 
the  Liquor  would  not  be  high  enough  at  D,  to  fliew  the  Difixsrence 
of  Level  5  therefore,  to  prevent  that  Inconveniency ,  I  have 
contrived  a  blank  Screw  to  (hut  up  the  Hole  at  A  as  foon  as 
one  Experiment  is  made,  that  in  carrying  the  Engine,  the  Air  in  A 
may  balance  that  in  C,  fo  that  the  Liquor  fhall  not  run  up  and 
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down  the  iuLii!,  whatever   Heat  and  Col  J.      .,  ;  <>n  the  Inftrii> 

|H%in9ing  trom  one  Place  to  another. 

Tow,  becaurc  one  Experiment  being,  made  in  the  Morning,  the 

'     to  cold*  that  when  a  fecond  Experiment  is  made  at 

ter  cannot  be  broi^ht  to  the  iatiie  Degree  of  Cold 

ki  iiAci  ;n  the  Morning  1  llier^orc  in  Diaking  the  firft  Experi- 

^"  M^n^  v/a?m  Water  muft  be  mixed  with  the  cold  ^    and  when  the 

Vnier   has  ftood  fonie  time,    before  it  comes  to  be  as  cold,  as  it 

^    likely    to    be    at    the   warmcft   Pnrt  of   that   Day  ;    obfervc, 

wA  kt  down  the  Degree  of  the  Tl^ermonietcr,  at  which  the  Spirit 

_  tlands J  and  likcv/ife  the  Degree  of  the  Water  in  the  Barometer  at 

D;  then  fcrcw  on  the  Cap  at  A,  pour  out  the  Water,  and  carry 

tiie  Inllrument  to  the  Place  whofe  Level  you  would  know  ^    there 

poor  in  your  Water,  and  when  the  Thermometer  is  come  to  the  fame 

Degree  as  before,  open  the  Screw  at  Top,  and  obferve  the  Liquor 

in  the  Barometer. 

My  Scale,  for  the  Barometer,  is  tea  Inches  Ibi^,  aad"  divided  in- 
to  Tenths,  fo  that  fuch  an  Inftrument  will  ferve  for  any  Heights 
not  exceeding  ten  Feet,  each  Tenth  of  an  Inch  anfwering  to  a 
Fpor  of  Height.  N.  B.  I  have  not  made  any  Allowance  for  the  De- 
creafe  of  Denfity  in  the  Air,  bccaufe  I  do  not  propofe  this  Machine 
for  meafuring  Mountains  ( though  with  .proper  Allowance  for  the 
decreafing  Denfity  of  the  Air,  it  will  do  very  well )  but  for  Heights 
to  be  known  in  Gardens,.  Plantations,  and  the  Conduft  of  Water, 
where  an  Experiment,  that  anfwers  to  two  6r  three  Foot  in  a 
Diftance  of  twenty  MiJes^  will  render  this  a  very  ufeful  Inftru- 
mcnt* 
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CHAP.     V. 

MECHANICS. 

N"  O  N  ab  re  fore  exiftimo  fi  objeaionem  inferuero  a  magni  no-  E,  PrakPA- 
minis  viro  *  D.  Lethnitio  Germano  faftam,  &  in  Adis  Erudi-  ^^'^^ifii}cM>tu, 
torum  Lipfice  hoc  anno  publicatis  infcrram  contra  Cartefium  &  Car-  g^i'J';^^^^' 
tcfianos,  candem  fcmper  in  Mundo  cfle  Motus  Quanticatem  afferentes,  Id^n^burgcnl,' 
una  cum  egregii   quo    laborat    Paralogifmi    dcteftione    manifefta.  Mathcfcos 
Objecftio  Leibnitii  ita  fe  habet.  ProfcfTore, 

Vult  grave  E  ex  altitudine  B  A  cadere,  item  grave  F  prioris  qua-  Dom  **i686"' 
druplum  cadere  ex  altitudine  D  C,  quae  altitudinis  B  A  fit  tantum 
pars  quarta.  Ab  ipfis  Cartefianis  &  omnibus  conceditur  impetus  ab 
hifce  gravibus  cadcndo  acquifuos,  tales  effe  ut  quifque  faum  grave  ad 
altitudinem  unde  ceciderat  elevare^pocis  effet,  fi  direftio  motus  foret  f»3'  121, 
furfum  verfus,  (^c.  Ex  ipfis  porro  principiis  Cartefianis  conftat  tanta 
opus  eflfe  vi  ad  elevandum  corpus  F,  quatuor  librarum  ad  altitu- 
dinem C  D  unius  ulnae,  quanta  opus  eft  ad  elevandum  corpus  E, 
unius  librae  ad  altitudinem  A  B  quatuor  ulnarum-  Adeoquc 
gravia  E  &  F,  ex  praedidis  altitudinibus  cadendo  aequales  ac- 
quifivifle  vires,  five  motfls  quantitates.  Quod  fi  ali^  ratione  inea- 
lur  calculus,  deprehenditur  gravia  inaequales  obtirtere  motus  quan- 
tiutes :  etenim  grave  E  cadendo  ex  altitudine  B  A  quatuor  ulna- 
rum,  acquiret  duplam  celeritatcm  ejus  quam  idem  vel  aliud  grave  ca- 
dendo ex  altitudine  DC  unius  ulnae  (per  P-  ^  hujus.^  Ut  vero 
habeatur  quantitas  motfts,  five  momentum  gravis  F,  multiplicetur 
ipfius  moles  ut  i,  in  celeritatem  ut  2  ;  fietque  momentum  five  quan- 
titas motib  2  ;  corporis  vero  moles,  ut  4,  multiplicata  in  celerita- 
tem ut  I,  producet  ejufdem  momentum  five  motus  quantitatem  ut 
4  9  b.  e.  Calculus  hoc  Modo  inftitutus  tacit  quantitatem  motifs  in. 
carpore  F,  duplam  quantitatis  motus  in  corpore  E,  cum  priori 
modo  inventas  fint  aequales.  Unde  infert  audtor  magnum  efle  dif- 
crimen  inter  vim  motricem  &  motus  quantitatem,  neque  alteram  ab 
altera  mcnfurandam,  cumque  &  ifta  eadem  &  aequalis  in  mundo 
perfiftat,  haec  pro  re  nata  continuo  mutabitur. 

Abfoluto  hoc  contra  Cartefianos  argumento,  quo  nullum  certius, 
nullum  fimplicius  efle  afferit,  miratur  Cartefium  ipfum,  ejufque  fequa- 
c^  illud  non  pcrcepifle.  Cartefium  appellat  praeRdentiorem,  Cartefianos 
vero  ipfos  Pcripatcticos  nimiumimitarivcretur,  magiftri  libros  redae 

rationis 

*  Tbi  Riader  is  defired  to  tah  Notice f  that  the  preceding  Paper 9  Written  about  the  Tear 
16S69  by  Mr,  David  Gregory,  lad  Savitian  Frofiffsr  of  Aftronomj  at  Oxford^  //  naf 
im  iba  Pbihfofkical  Tran/aSioiUf  and  ttuu  never  printed  till  new^ 
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rationis  loco  confulendo.  Pofteaquc,  hinc  ortos  elfe  quamplurimos 
in  mechanicis  errores,  queritur.  Novum  condit  theorema,  ncfcio 
quid  de  alcirudinibus,  celericates  produftricibus  continens,  ex  qua- 
rum  ratione  &  rationc  ipforum  corporum  compoficam  racionem  eami 
effe  vult  virium  fr/e  momentorum. 

Verum  p.ice  tanti  viri,  alioqui  de  philofophia  bene  meriti,  diftum 
fit,  fatis  mirari  non  poffe  Carrefianos,  Leibnitlum  talem  tantumque 
paralogifmum  fub  adeo  amplis  titulis  venditare.     Fallacia  hie  latct: 
quod  vult  tanta  opus  efle  vi  ad  elevandum  pondus    E  unius    li- 
brae ad  altitudinem  B  A,    quatuor   ulnarum,    quanta  ad  elevandum 
pondus  F     quatuor  librarum    ad  altitudinem     CD    unius   ulna?» 
quod  utique  verum  eft,    &    ab  ipfo   Cartefio   diferte    agnofcitur, 
modo  uterque  motus   five  elevatio    perficiatur    eoden?i  vel  aequali 
tempore,    aliter  vero  omnino  falfum  erit ;   neque  enim  major,    fed 
prorfus  eadem  requiritur  vis  ad  elevandum  pondus  quodvis  ad  alti- 
tudinem centum    pedum,    quas  ad  altitudinem   pedis  unius,    fi  ad 
priorem   ("efFeftum)  efficiendum  centies  majus  concedatur  tempus 
quam  ad  pofteriorem.      Cum  jam  in  cafu  propofito  majus  conce- 
ditur  tempus    ad  elevandum  pondus  E    unius  librae   ad  altitudi- 
nem AB  quatuor  ulnarum,    quam  ad  elevandum   pondus  F  qua- 
tuor librarum  ad  altitudinem  C  D    unius  ulnae    ( quoniam,    aequali 
Tempore,  Impetus  cafu  acquifitus  fuum  grave  elevabit  ad  altitu- 
dinem unde  ceciderat,   quo  cadendo  impenderat ;    &  grave  E  ca- 
dendo   ex  B  in  A,    duplum    tempus  impendit  ejus    quod    grave 
F     impendit    cadendo    ex    D   in  C )     Patet    dimidiam    tantum 
vim   requiri  ad  elevandum  grave   E  unius   librae   (in  condition!- 
bus   ab  audlore  poGtis )    in  altitudinem    A  B    quatuor    librarum, 
quam  ad  elevandum    grave  F    quatuor  librarum  ad   altitudinem 
C  D  unius  ulnae ;  adeoque  grave  E,  acquirere,   cadendo  ex  B  ia 
A,  dimidium  tantum  momentum  five  motus  quantitatem  ejus  quam 
acquirat  F  cadendo  ex  D  &  C,  &  ncn  aequalem  ut  ex  falfa  fuppo- 
fitione   invenit   Au<5lor.      Et  ex  pofteriore  calculo  idem  invcnitur, 
undc  nulla  contradiftio ;  nee  ex  hoc  argumento  concluditur  vim  mo- 
tricem  non  pofle  reprefentari  per  quantitatem  motus,    neque  ideo 
sequalem    motus  quantitatem   in   mundo  femper  a   deo  haud  con- 
fervari.      Plurimis  autem    aliis  argumentis  Cartefiana    haec  propo- 
fitio  evertitur,  ficut  Geometriae  hujus  de  Motu  parte  prima,  cum 
de  motus  legibus  ageretur,    oftenfum    eft.     Verum  mifla  hac    di- 
greflione  phyfica  in  ordinem  redeamus,  l^c. 

,^^  In  Polenu5\  Traft  de  CaftelliSy   I  found  feveral  curious  Expcri- 

ExpeHmmT  ^^"^s»  among  which  I  reckon  that  of  letting  Globes  of  equal  Nf  ag^ 
relating  to  tbe  nitude,  but  of  different  Weights,  fall  upon  a  yielding  Subftance,    as 
force  of  Bodies  TaJlow,  Wax,  Clay  or  the  like,  from  heights  reciprocally  propor- 
^^^^^^'^^^^tional  to  the  Weights  of  But  cannot  by  any  means  ad- 

cTton,  ^D.  ^^  ^^  ^^  Deduftion  that  is  drawn  from  thence,  that  becaufe  the 
^.  R^S.  'no 371.  /.  57-  Globes 
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Globes  nuke  in  this  Experiment  equal  ImprefDons  in  the  yielding 
Subftance,  therefo^e  they  ftrike  upon  it  with  equal  Force :  Whereby 
it  is  attempted  to. prove  the  Aflertion  of  Mr.  Leibnitz,  that  the 
force  of  the  fame  Body  in  defcending  is  proportional  to  the  Height 
from  whence  it  falls  ;  or,  in  all  Motion,  proportional  to  the  Square 
of  the  Velocity,  and  not  proportional  to  the  Velocity  it  felf,  as 
is  commonly  thought.  On  the  contrary,  I  think  this  very  Expe- 
riment proves  the  great  unreafonablenefs  of  Mr.  Leibnitz^  No- 
tion. 

Certainly  this  Experiment  of  Polenus  is  much  more  fit  to  inform 
us  of  the  Law,  by  which  thefe  yielding  Subftances  refill  the  Motion 
of  Bodies  ftriking  upon  them,  than  to  fhew  the  Forces,  with  which 
Bodies  ftrike  ;  for  whatever  thofe  Forces  be,  the  EflTefts  muft  be  very 
different,  according  to  the  Difference  there  may  be  in  the  Rule  ob- 
ferved  by  fuch  Refiftance. 

Now  this  Experiment  Ihews,  that  if  two  Globes  in  Motion  bear 
againft  equal  Portions  of  the  yielding  Subftance,  the  Oppofition, 
that  Subftance  makes  to  the  Motion' of  the  Globes,  will  be  the  fame 
in  both,  however  different  the  Velocities  be,  with  which  they  move. 
This  I  demonftrate  as  follows. 

Let  A  and  B  be  two  Globes,  equal  in  Magnitude,  but  of  diffe- 
rent Weights,  which  are  equally  immerfed  into  a  yielding  Subftance. 
Suppofe  the  Velocities,  with  which  they  move  in  their  prefent  Situa- 
tion, to  be  reciprocally  in  the  fubduplicate  Ratio  of  the  Weights  of 
the  Globes  ;  that  is,  let  the  Ratio  of  the  Weight  of  the  Globe  A  ta 
the  Weight  of  the  Globe  B,  be  duplicate  of  the  Ratio  of  the  Velo- 
city of  the  Globe  B,  to  the  Velocity  of  the  Globe  A.  Since  there- 
fore the  Ratio  of  the  Quantity  of  Motion  in  the  Globe  A,  or  of  the 
Force  >vith  which  it  moves,  to  the  Quantity  of  Motion  in  the  Globe 
B,  or  to  the  Force  with  which  that  Globe  moves,  is  compounded  of  the^ 
Ratio  of  the  Weight  of  the  Globe  A,  to  the  Weight  of  the  Globe 
.B,  and  of  the  Ratio  of  the  Velocity  of  the  Globe  A,  to  the  Velo- 
city of  the  other  Globe  B,  the  Force,  with  which  the  Globe  A 
moves,  is.  to  the  Force,  with  which  the  Globe  B  moves,  as  the  Velo- 
city of  this  Globe  B,  to  the  Velocity  of  the  other  Globe  A.  But  if 
the  fame  Oppofition  be  made  to  the  Motion  of  the  Globes,  when 
they  bear  upon  equal  Portions  of  the  yielding  Subftance,  the  Effedt 
of  that  Oppofition,  while  the  Globes  enter  farther  into  the  Subftance 
by  eqiial  Spaces,  will  be  proportional  to  the  Time,  in  which  the 
Globes  are  moving  thofc  Spaces,  or  in  which  the  Oppofition  is  made, 
if  we  confider  thofe  Spaces  while  nafcent  or  in  their  firft  Origine  ; 
the  Effed  therefore  of  this  Oppofition  will  be  reciprocally  propor- 
tional CO  the  Velocity  of  each  Globe  -,  namely,  the  momentaneous 
Lofs  of  Force  in  the  Globe  A  will  be  to  the  momentaneous  Lofs  of 
Force  in  the  Globe  B,  as  the  Velocity  of  the  Globe  B,  to  the  Velo- 
city of  the  Globe  A  i  and  the  whole  Force  of  the  Globe  A  has  been 

found 
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found  to  bear  ihe  fame  Ratio  to  the  whole  Force  of  the  Globe  B ;  confe- 
quently  thefe  Globes,  while  they  penetrate  equal  Spaces  into  the  Sub- 
ftancc,  lofe  part  of  their  Force,which  bear  the  fame  Proportion  to  the 
whole:  And  therefore,  if  their  Velocities  beat  any  time  reciprocal- 
ly in  the  fubduplicate  Ratio  of  their  Weights,  fo  that  the  Forces  or 
Degrees  of  Motion,  v/ith  which  they  move,  be  reciprocally  propor- 
tional to  their  Velocities,  the  Forces,  with  which  they  prefs  into  the 
yielding  Subftance,  at  equal  Indentures  made  in  the  Subftance,  will 
continue  in  the  fame  Proportion  ;  and  therefore  upon  the  Theory  of 
Rcfiftance  here  fuppofed,  when  the  whole  Force  and  Motion  of 
both  thefe  Globes  is  entirely  loft,  they  will  be  plunged  into  the  Sub- 
ftance at  equal  Depths. 

Now  whereas  in  the  Experiment  of  Polenus^  the  Globes,  falling 
from  Heights  reciprocally  proportional  to  their  Weights,  ftrik^e  up- 
on the  yielding  Subftance  with  Velocities  reciprocally  in  the  fub- 
duplicate Proportion  of  their  Weights,  and  the  EfFedt  is  in  all  Cafc-s 
found  to  be,  what  is  here  deduced  from  this  Theory  of  Refiftance ; 
it  is  a  fufficient  Confirmation  of  the  Truth  of  this  Theory. 

Only  here,  I  have  fuppofed  the  Globes  to  be  ftopt  by  the  whole 
Rcfiftance  of  the  Subftance,  they  move  againft  ;  although  in  ftrift- 
nefs  they  are  ftopt  only  by  the  Hxcefs  of  that  Rcfiftance  above  the 
Aftion  of  Gravity  upon  them.  But  I  have  ncgleded  the  Confidera- 
tion  of  the  Adion  of  Gravity,  that  being  but  fmall  in  Proportion 
to  the  Rcfiftance,  as  will  appear  from  the  Globes  being  much  more 
fpeedily  ftopt  by  this  Rcfiftance,  than  they  would  be  by  the  Afti- 
on  of  Gravity,  if  its  force  were  applied  upwards  ;  for  by  that  Force 
alone,  the  Globes  would  not  be  ftopt,  till  they  had  meafured  Spaces 
equal  to  the  Heights  above  the  refitting  Subftance,  from  whence  they 
fell ;  which  Heights  bear  a  great  Proportion  to  the  Depths,  in  the 
yielding  Subftance,  into  which  the  Globes  in  this  Experiment  are 
immerfed,  as  I  have  found  upon  Trial. 

As  I  have  alTerted  that  the  very  Experiment  of  Polenus  is  not  on- 
ly reconcileable  to  the  common  Doftrine  of  Motion,  as  I  have  now 
demonftrated  -,  but  even  that  it  does  it  felf  make  manifeft  the  great 
unreafonablenefs,  if  not  the  abfolute  Abfurdity,  of  Mr,  Leibmiz*% 
Opinion ;  it  remains  that  I  briefly  make  proof  of  this. 

If  two  Globes  A  and  B,  of  equal  Magnitude  but  of  different 
Weights,  ftriking  on  a  yielding  Subftance  with  equal  Force,  in  every 
Cafe  lofe  all  their  Motion  at  equal  Depdis,  it  is  neceflTary  that  at 
all  times,  during  their  Motion,  they  lofe  equal  Decrees  of  Force, 
when  they  bear  upon  equal  Portions  of  the  Subftance,  in  entring  c- 
qual  Spaces  into  the  Subftance.  This  will  be  eafily  feen  from  what 
has  before  been  faid-  Now  whereas  Mr.  Leibnitz  fuppofes  the 
power  of  Gravity  to  give  to  the  fame  falling  Body  Degrees  of 
Force  proportional  to  the  Height  from  whence  it  falls  j  according  to 
his  Opinion^  by  the  Power  of  Gravity,  equal  Degrees  of  Force 
3  are 
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arc    added   in  the  dcfcent  of  the  fame  Body  through  equal  Spa- 
ces ;  and  in  different  Bodies  defcending  through  equal  Spaces,  the 
Degrees    of  force    added  will    bs  as    the    quantity    of  Matter, 
or  as  the  weight  of  each  Body.      Therefore  while  the  Globes  A 
and  B  penetrate  equal  nafcent  Spaces  into  the  yielding  Subftancc, 
by  the  Adion  of  Gravity,  were  not  that  Aftion  overcome  by  the 
Refinance  of  that  Subftance,  additional  Degrees  of  Force  would  be 
communicated  in  fuch  Proportion,    that  the  force  added  to  the 
Globe  A,  would  be  to  the  force  added  to  the  Globe  B,   as  the 
weight  of  the  Globe  A,   to  the  weight  of  the  Globe  B,  or  in  the 
duplicate  Ratio  of  the  Velocity  of  the  Globe  B,  to  the  Velocity  of 
the  Globe  A.      But  fincc  the  Globes  lofe  the  fame  D^rees  of 
force  in  cntring  equal  Nafcent  Spaces  into  the  yielding  Subftance, 
the  Effed  of  the  Oppofition  made  by  this  Subftance  to  the  Motion 
of  the  Globes,  daring  the  time  of  their  pafling  through  fuch  Na- 
fcent Spaces,  will  be  both  the  taking  from  them  that  fame  Degree 
of  force,  and  moreover  the  additional  Force,  which  would  other- 
wife  have  been  given  them  by  their  own  Gravity.     But  farther,  the 
Oppofition  made  to  the  Motion  of  the  Globe  A,  to  the  Oppofi- 
tion  made  to  the  Motion  of  the  Globe  B,  will  be  in  the  ratio  com* 
ppunded  of  the  Rativ  of  the  EffeA  of  the  Oppofition,  which  the 
Subftance  makes  t(>.the  Motion  of  the  Globe  A^  to  the  EfFed  of  the 
Oppofition,  which  the  Subftance  makes  to  the.  Motion  of  the  Gk>bt 
B,  and  of  the  ratio  of  the  Time,  in  which  the  Oppofition  is  made 
againft  the  latter  Globe,  to  the.  Time  in  which  it  is  made  againft  the 
former  ;  which  latter  ratuk  is  the  fame  with  the  ratio  of  the  Velocity 
of  the  Globe  A,  to  the  Velocity  of  the  Globe  B.    But  fince  it  is 
fliewfl,  that  the  Eflfed  of  the  Oppofition  made  by  the  yielding  Sub- 
Jlance  to  thefe  Globes  is  two^fold,  and  that  one  part  of  the  Etted  of 
the  Oppofition  made  to  the  Motion  of  the  Globe  A,   is  equal  to 
one  part  of  the  Eflfed  of  the  Oppofition  made  to  the  Motion  of  the 
Globe  B ;   and  that  another  part  of  the  EfFeft  of  the  Oppofition 
made  to  the  Motion  of  the  Globe  Ai  to  another  part  of  the  Effect 
of  the  Oppofition  made  to  the  Motion  of  the  Globe  B,  is  in  the 
Duplicate  ratio  of  the  Velocity  of  the  Globe  B,  to  the  Velocity  of 
the  Globe  A  :   One  part  of  the  Oppofition  it  felf  made  to  the  Mo- 
tion of  the  Globe  A,  will  be  to  one  part  of  the  Oppofition  againft 
the  Motion  of  the  Globe  B,  as  the  Velocity  of  the  Globe  A,  to  the 
Velodty  of  the  Globe  B  5  and  another  part  of  the  Oppofition  to  the 
Motion  of  the  Globe  A,  to  anothc;r  part  of  the  Oppofition  to  the 
Motion  of  the  Globe  B,  will  be  as  the  Velocity  of  the  Globe  B, 
to  the  Velocity  of  the  Globe  A.    Sq  that  when  the  Glob^  bear  up- 
on equal  Portions  of  the  yielding  Subftance,  the  Oppofition  to  their 
Motion  will  be  in  part  as  the  Velocity  of  the  Globes,  and  in  part 
reciprocally  as  their  Velocity.      Hence,  becaufe  the  refifting  Sub- 
ftance  is  of  an  uniform  Texture,  the  Oppofition  to  the  Morion  of 

O  o  cither 
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cither  of  the  Globes  in  its  prefent  Situation,  and  when:  moving  wfdr 
its  prefent  Velocity,  will  be  to  the  Oppofition  ft  would  meet  wkh  iir 
tlie  fame  Situation,  if  it  moved  with  any  other  Velocity^  partly  as  the 
prefent  Velocity  to  that  other  Velocity,  and  partly  as  that  other  Vc>- 
locity  to  the  prefent.  But  by  that  part  of  the  Oppofition  made  a- 
gainft  the  Motion  of  the  Globe,  which  is  diredly  as  the  Vetecity,  the 
Globe  can  never  be  whoHy  ftopt ;  for  upon  die  ftopping  of  the 
Globe,  that  part  of  the  Oppofitbn  to  its  Motion- will  liicewife  totally 
ceafe,  and  confequently  the  Globe's  Weight  will  carry  it  further 
dQwn,  unfefe  the  other  part  of  the  Oppofition  againft  its  Motion 
prevent  it.  But  I  fay  again,  neither  can  this  hitter  part  of  the 
Oppofition  made  to  its  Motion  be  ever  great  enough  to  ftop  the 
Globe  5  for  the  Degree  of  this  Oppofition  bemg  reciprocally  as  the 
Velocity  of  the  Globe,  when  tlic  Motion  of  the  Globe  is  wholly 
taken  away,  it  will  become  infinitely  greater,  tha»  at  any  time, 
whUe  the  Globe  is  in  Motion ;  fo  that  when  the  Globe  fliould  be 
ftopt  by  this  part  of  the  Oppofition  madfc  to  its  Motion,  the  Op- 
pofition to  the  Globe's  Motion  will  become  infinitely  great ;  info- 
much,  that  no  Degree  of  force  whatever  could  be  able  to  impel 
the  Globe  further  into  the  Subfl:ance,  but  this  can  nearer  come  to 
pafs»  Eefides,  it  is  notneceflary  to  apply ^bny  Ricb  refined  Argu^ 
ment  acainft  this  part  of  the  Refinance ;  it  w^uld  be  alone  fQflicient 
ta  conoder^  how  unreafonable  a  Suppofition  ic  is,  that  a  Refiftance 
fhould  increafe,  when  the  Velocity  of  the  refifted  Body  decreafes. 

Thus  may  this  Experiment  be  made  ufe  of  to  invalidate  that 
very  Opinion  it  is  brought  to  fuppcM't^  B4itaBU>l^p  ofe  may  like-^ 
wffc  be  made  thereof:  For  it  will  fenve  co  illuftrate  what  Sir 
Ifaac  Ni^ton  has  more  than  once  hinted,  that  the  Refiftance  of 
Fluids,  which  arifes  from  the  Tenacity  of  tlieir  Parss^  decreafes  in 
a  lefs  Proportion  than  the  A^elocity  of  the  refifted  Body  decreafes 
« ;  for  as  thi3  Refiftance  bears  a  great  Analogy  to  the  Refiftance 
ef  the  yielding  Subftances  we  have  been-  here  treating  <rf',  fo  we 
have  found,  that  the  Refiftance  of  thefe  Subftances  does  not  much 
depend  upon  the  Velocity  of  the  Body,  againft  which  the  Refiftance 
is  applied. 

2,  Suppofe  pieces  of  fine  Silk,  or  the  like  thin  Subftance,  extended 
Am  Jfgumtnt  in  Parallel  Planes,  and  fixed  at  fmall  Diftances  from  each  other. 
M  anfinnati-  Suppofe  then  a  Globe  to  ftrike  perpendicularly  againft  the  middle 
Mi»£  ^?ap€rl  ^  ^^^  outermoft  of  the  Silks,  and  by  breaking  through  them  to 
fy  _«.N^'  lofe  part  of  its  Motion.  If  the  Pieces  of  Slk  be  of  equal  Strength,. 
371./,  67.  the  fame  Degree  of  force  will  be  required  to  break  each  of  them; 
but  the  Time,  in  which  each  piece  of  Silk  refifts,  will  be  fo  much 
(horter  as  the  Globe  is  fwifter  \  and  the  lofs  of  Motion  in  the  Globe 

conic- 
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iK>nfcqtient  upon  its  breaking  through  each  Silk,  and  furmounting 
the  Refiftance  thereof,  will  be  proportional  to  the  Time,  in  which 
the  Silk  oppofes  itfelf  to  the  Globe's  Motion  ;  infomuch  that  the 
Globe  by  the  Refiftance  of  any  one  piece  of  Silk  will  lofe  fo  much 
lefs  of  its  Motion  as  it  is  fwifter.  But  on  the  other  Hand,  by 
how  much  fwifter  the  Globe  moves,  fo  many  more  of  the  Silks  ic 
will  break  through  in  a  given  Space  of  Time  ;  whence  the  number 
of  the  Silks,  which  oppofc  themfelves  to  the  Motion  of  the  Globe 
in  a  given  Time,  being  reciprocally  proportional  to  the  Effeft  of 
each  Silk  upon  the  Globe,  the  Refiftance  made  to  the  Globe  by  thefe 
Silks,  or  the  lofs  of  Motion,  the  Globe  undergoes  by  them  in  a 
given  Time,  will  l^  always  the  fame. 

Now  if  the  Tenacity  of  the  Parts  of  Fluids  obferves  the  fame 
Rule  as  the  Cohefion  of  the  Parts  of  thefe  Silks  ;  namely,  That  a  , 
certain  Degree  of  force  is  required  to  feparate  and  difunire  the  ad- 
hering Particles,  the  Refiftance  arifing  from  the  Tenacity  of  Fluids 
muft  obferve  the  fame  Rule  as  the  Refiftance  of  the  Silks,  and  there- 
fore in  a  given  Time  the  lofs  of  Motion,  which  a  Body  undergoes  in  a 
Fluid  by  the  Tenacity  of  its  Parts,  will  in  all  Degrees  of  Velocity  b^ 
the  lame  ;  or  in  fewer  Words,  that  part  of  the  Refiftance  of  Fluids, 
which  arifes  from  the  Cohefion  of  their  Parts,  will  be  Uniform. 

3.  If  a  Man  with  a  certain  Force  can  move  a  Weightof  fifty  Pounds,  ^«  Account  of 
through  a  Space  of  four  Feet,  in  a  determinate  Time ;    it  is  certain  /^'^  Expert- 
he  muft  employ  twice  that  Force  to  move  one  hundred  Pounds  '^^anleFom 
Weight,  through  the  fame  Space  in  the  fame  Time.      But  if  he  cfMovitifBo- 
ufes  but  the  fame  Force,  he  will  move  the  one  hundred  Pounds  dies  hfrofor^ 
Weight  but  two  Feet  in  the  fame  time.    For  as  the  one  hundred  ^'<ww^/'  fo 
Pounds  Weight  contains  two  fifty  Pound  Weights,  if  each  of  them  J^'^''  ^n^^^h 
has  two  Degrees  of  Velocity  given  to  it,  it  will  exaftly  require  the  jj^.  j/t.' 
fame  Force  that  would  give  one  of  them  four  Degrees  of  Velocity  ;  Dcfagulicrs, 
hence  it  appears,  that  the  Force  is  proportionable  to  the  Mafs  multi-  ^^-  ^-  ^•*•^• 
plied  into  the  Velocity.  ^  ^e'^^^'^'    ' 

Let  the  Balance  A  B,  whofe  Center  of  Motion,  is  at  C,  be  fo  ^xpermint  I. 
divided,  that  the  Brcubium  A  C  be  but  the  fourth  Part  of  the  Bra-  Fig.  1 22. 
cbium  C  B  ;  it  is  known  to  all  Mechanicians,  that  a  Weight  of  one 
hundred  Pounds  at  A,  will  keep  in  jEquilibrio  a  Weight  of  twenty 
five  Pounds  hanging  at  B,  where  it  will  have  a  Velocity  four  times 
greater  than  that  of  the  Weight  at  A.  For,  not  only  when  the  Ba- 
lance is  horizontal,  there  will  be  an  JSquilibrium,  but  when  the  Ba- 
lance is  put  in  Motion,  it  will  return  to  an  Equilibrium  in  a  hori- 
zontal Pofition;  the  equal  and  contrary  Forces  applied  at  each, 
deftroying  one  another.  Whereas,  if  the  Forces  were  as  the  Mais 
multiplied  into  the  Square  of  the  Velocity,  the  twenty  five  Pound 
Weight  fliould  have  been  fufpended  at  D,  only  twice  as  far  from  C, 
as  the  Weight  at  A  ;  and  in  general,  let  the  make  of  the  Engine  be 
what  it  will,  let  the  mechanical  Powers  be  combined  in  any  manner, 
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when  two  heavy  Bodies,  by  means  of  a  Machine,  aft  upon  one  ano- 
ther in  difierent  Direftions,  if  their  Velocities  are  reciprocally  as 
their  Mafits,  they  will  deftroy  each  others  Forces  and  come  to  Reft. 

Let  the  Weight  P  of  one  Pound,  be  placed  in  the  Scale  fufpend- 
ed  at  the  end  A,  of  the  Balance  AB,  which  bears  upon  the  Gnomon^ 
or  Iron  Supporter,  k  h  i.  Then  if  the  Weight  C  be  let  fall  from 
D,  or  one  Foot,  it  will  by  its  Stroke  on  the  end  of  the  Beam  B, 
raife  up  the  oppofite  end  A  with  the  Weight  P,  fo  high,  that  the 
Spring  g  b  will  fly  from  the  Button  i,  which  kept  it  ftreight  and  up- 
right before  the  Shock.  If  the  Weight  P  be  of  two  Pounds,  it  can- 
not be  raif^d  by  the  fall  of  C  from  any  height  lefs  than  F  or  four 
Foot ;  whereas,  if  the  force  of  the  Shock  was  proportionable  to  the 
Space,  without  any  regard  to  the  Time,  P  ouglft  to  be  raifed,  when 
C  falls  only  from  E,  or  two  Foot,  which  never  happens  ;  or,  if  the 
Stroke  was  proportionable  to  the  Mafs  multiplied  into  the  fquare  of 
the  Velocity,  when  C  falls  from  F^  then  P  might  weigh  four  Pound, 
whereas  the  Experiment  will  never  fucceed  under  thofc  Circumftances. 
.  If  ( in  order  to  avoid  Friftion)  inftead  of  a  Blow,  ftruck  upon  the 
end  B,  by  the  falling  Body,  the  faid  Body  C  be  faftned  to  a  pretty 
long  String  tied  to  the  Bottom  m,  as  at  c,  and  firft  lifted  up  one 
Foot,  and  then  let  fall ;  fo  that  in  falling  one  Foot,  it  may  pull 
down  B,  arid  lift  up  A  with  the  Weight  P  of  one  Pound  -,  when- 
ever P  is  two  Pounds,  C  muft  fall  from  a  height  greater  than  /  or 
four  Foot,  otherwife  it  will  not  raife  the  Bracbium  A,  efpecially  if  it 
be  let  fall  between  e  and/. 

I  took  the  Weight  C  of  feventeen  Ounces  Troy,  which  was  a 
round  Ball  of  Lead  with  a  hole  through  the  middle  of  it,  and  hav- 
ing pafled  the  String  N-X  through  it,  before  it  was  faftened  to  tlie 
Hopk  X,  1  placed  the  whole  Machine  in  fuch  manner,  that  the 
String  being  ttretched  by  the  Weight  N,  went  through  the  hole  of 
the 'Weight  C,  and  likewife  through  the  hole  of  the  Bracbium  B, 
upon  which  C  lay,  without  touching  the  fides  of  the  hole  either  in 
the  Weight  or  Balance  \  then  having  put  fuch  a  Weight  P  in  the 
oppofite  Scale,  as  C  falling  from  the  height  of  one  Inch,  was  able 
to  raife  high  enough,  to  let  loofe  the  Spring  g  b  from  the  Button  i : 
I  added  to  P  another  Weight  equal  to  it,  and  then  letting  fall  C  a« 
long  tlie  String  that  guided  it,  from  a  heighth  of  two  Inches,  then 
of  three,  and  then  exactly  of  four,  it  would  not  raife  the  double 
Weight  P  to  the  former  height,  but  falling  from  five  Inches,  or  a 
little  higher,  it  raifed  it  up. 

Leaving  every  thing  as  it  was  before,  I  changed  the  Weight  C  for 
another  leaden  Ball  of  twice  the  Weight,  which  falling  from  one 
Inch,  railed  the  double  WcigKt  P  to  the  lifual  Height ;  then  chang- 
ing the  Weight  P  in  any  Proportion,  whatever  Height  was  required 
for  th€  lieavitft  Ball  C  (  or  C  2  ^  to  fall  from,  in  order  to  raife  the 
Weight  at  P;  more  than  four  times  the  Height  was  required  for  the 
•firft  BallC,  to  raife  the  fame  Weight  fo  high,  as  to  let  loofe  the 
Spring.  I  tried 
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I  tried  the  Experiment  with  the  Weight  C  hanging  at  the  String  Expirjment 
mc  ( as  in  Experiment  III.  )  and  a  Fall  from  a  height  of  near  five  ^^" 
Inches,  was  required  to  raife  double  the  Weight  in  the  oppofite 
Scale,  that  a  fall  from  one  Inch  would  raife ;  only  here  the  heighth 
above  four  Inches  was  not  fo  great  as  in  the  former  Experiment,  the 
Friftion  being  fomething  lefs.  Then  I  fufpended  the  great  Ball  C 
( or  C  2  )  by  the  String  tn  r,  and  when  by  falling  one  Inch  it  raifed 
the  Weight  P,  the  little  Weight  C  could  not  produce  the  fame 
flffedt,  without  falling  from  a  greater  height  than  four  Inches. 

It  is  here  to  be  obferved,  that  which  way  foever  thefe  Experiments 
are  tried,  the  Objedtions  rifing  from  the  Friftion  do  no  way  fcrve  to 
confirm  the  new  Opinion,  becaufe  they  (hew  that  ( upon  account  of 
the  Fridion)  the  Heights  muft  be  fomething  more  than  in  a  duplicate 
Proportion  ot  the  Velocities,  but  never  lels,  to  giVe  a  Blow  with  the 
fame  Body  in  Proportion  to  the  Velocity. 

That  the  Momentum  of  Bodies  is  in  Proportion  to  the  Mafs  mul- 
tiplied into  the  Velocity,  is  alfomoft  evidently  fhewn  from  the.Con- 
grefs  of  elaftick  Bodies,  as  has  been  demonftrated  by  Sir  -Ifaac  New^ 
ton  in  his  Principia^  in  the  Corollaries  to  his  Laws  of  Motion.  I 
had  often  tried  the  Experiments  there  mentioned  with  Balls  of  Ivory, 
Glais,  and  Steel,  of  two  Ounces  each,  and  found  every  thing  an- 
fwer,  allowing  for  the  want  pf  perfeft  Elafticity  in  the  Bodies.  But 
now  upon  this  Occafion,  as  the  Objeftions  to  the  received  Opinion 
were  renewed,  I  was  willing  to  repeat  the  Experiments  with  the  ut- 
moft  Accuracy  ;  and  therefore,  as  Ivory  Balls  are  not  equally  denfe 
in  all  their  Parts,  and  Glafs  Balls  break  after  two  or  three  ftrokes  ; 
I  caufed  Balls  to  be  nicely  turned  of  Steel,  and  made  as  hard  (as 
the  Worlf  men  call  it)  that  is,  as  elaftick  as  pofli  We,  and  the  Weights 
of  them  were  precifely  as  follows :  Two  Balls  of  twelve  Ounces 
Troy  each,  one  of  fix  Ounces,  one  of  three,  one  of  two,  and  one 
of  Eight-penny-weight,  Then  making  Pendulums  of  thefe  Balls, 
and  hanging  them  upon  the  Machine  contrived  by  Mariotte  for  the 
Congrefs  of  Bodies,  and  lately  improved  by  Dr.  Gravefande  %  I 
meafured  57  ^  Inches  between  the  Center  of  Sufpenfion  and  the  Cen- 
ter of  Gravicy  of  the  Balls,  and  then  every  Degree  of  the  Circle 
they  defcribed  in  their  Ofcillation  was  one  Inch,  and  the  Degrees  be- 
ing marked  upon  a  line,  of  Chords  on  a  Brafs  Ruler  above  the  Balls, 
by  their  Strings  fucceflively  covering  the  crofs  Lines  of  Divifion, 
•the  Degrees  that  ths  Balls  fell  from,  and  thofe  to  which  they  rofe, 
were  very  difcernable  to  an  Eye  placed  at  a  convenient  Diftancc. 

I  took  the  two  Balls   12,    and  removing  each  from  the  lovveft    Experiment 
Point  of  their  equal  aad  refpeftive  Circles,    up  to  4  Inches,  or  .4         ^'^' 
D>^grees,   I   let  them  fall  fo  that  they  met  ac  Bottom,    and  were 
both  reflefted  again  to  4,  the  Place  from  whence  they  fell. 
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Every  thing  elfe  being  as  before,  inftead  of  one  of  the  Balls  12, 
\  took  the  Ball  6,  then  letting  6  go  from  8  Degrees,  and  12  from  4, 
after  Rcfleftion  12  was  driven  up  again  to  4,  as  before. 

Tlie  Ball  3  falling  from  fifteen  Degrees  met  the  Ball  12  that 
fell  flill  from  4,  and  after  Refleftion  12  went  up  again  to  4. 

The  Ball  2  falling  from  6^  and  12  from  1^,  12  was  reflefted  to 
I,  and  when  2  fell  from  12  Degrees,  and  the  Ball  12  from  2,  the 
12  was  refleflfd  to  2. 

The  Ball  of  eight  Penny  Weight  f  which  weighed  but  jj  of  the 
Ball  12)  falling  from  fifteen  Inches  or  Degrees,  raifedupi2  ('that 
fell  from  half  a  Degree  )  to  the  fame  Place  again.     . 

In  all  thefe  Experiments  the  Error,  or  want  of  perfeft  Reflection, 
was  greater  in  the  little  Balls  than  in  the  great  ones,  on  account  of 
their  going  through  a  greater  Arc  of  a  Circle,  whereby  they  devia- 
ted more  from  a  Cycloid  than  the  great  ones  \  as  likewile  on  account 
of  a  Refinance  of  the  Air,  which  mufl:  be  greater  bccaufe  of  the  lit- 
tle Balls  going  through  a  greater  Arc^  moving  with  more  Velocity, 
being  fufpended  by  a  String  as  thick  as  that  of  the  great  ones,  and 
having  more  Surface  in  Proportion  to  their  Weight.  But  all  the 
Errors  do  not  bring  the  PhcBnomena  any  thing  near  what  they  ought 
to  be,  if  the  Force  of  the  Bodies  was  as  the  Square  of  their  Veloci- 
ties multiply  M  into  their  Maffes,  for  then  the  Ball  12  would  have 
been  driven  to  Heights  very  different  from  what  it  rofe  up  to. 

In  the  eighth  Experiment,  the  Ball  12  fliould  have  rifen  to  near  five 
Inches  and  three  quarters,  for  the  Ball  €  falling  with  the  Velocity  8, 
muft  have  had  its  Force  =  8  x  8  x  6  z=:  384 ;  and  then,  that  the  Ball 
12  might  have  the  fame  Force  or  Quantity  of  Motion,  it  muft  rife 
near  to  5,  7  becaufe  5,7  X5,7  x  12  =  389,88. 

In  the  ninth,  1 2  fhould  have  rifen  to  8  ;  for  the  Ball  3  muft  have 
had  its  Force  =  16  x  16x3  =768,  and  if  12  received  its  whole 
Force  it  muft  have  rifen  to  8  becaufe  8x8x12  =  7  68. 

In  thefecond  Part  of  the  tenth  Experiment,  12  fhould  have  rifen 
to  near  5,  becaufe  12x12x2  =  288,  and  5x5x12  is  but  300. 

In  the  eleventh,  the  Ball  12  (thirty  times  heavier  than  the  little 
one )  muft  have  gone  to  2  ^  Inches,  becaufe  the  Momentum  of  the 
little  Ball  being  =15x15x1  =225,  that  of  the  Ball  12  muft  be  = 
2j75  X  i^"]^  X  1 2  =  226,  &c. 

It  may  be  here  alledged,  that  one  ought  to  fubftraft  the  Momen- 
tum^ with  which  the  great  Ball  comes  upon  the  little  one  -,  but  that 
won't  mend  the  Matter  much,  though  indeed  the  Difference  will 
be  lefs.     For, 

In  the  eighth  Experiment,  if  we  fubtraft  4x4x12  =  192  from 
389,88  there  will  remain  197,88,  and  the  Ball  12  will  go  but  to  4  ; 
but  then  in  Experiment  9,  if  we  fubtraft  the  fame  N^  192  from  768, 
we  (hall  have  576,  which  would  carry  12  to  near  feven  Degrees,  be- 
caufe 7x7  X  12  =  588, 

3  In 


72>e  Forcts  of  Bodies  in  Motion.  285 

Id  the  tenth  Experiment,  there  is  only  48  to  be  fubtrafled  ;  and 
in  the  eleventh  only  15  ,  and  therefore  the  Velocity  of  12  will  very 
much  fall  (hortof  what  is  agreeable  to  the  new  Opinion. 

After  the  Experiments  made,  and  what  has  been  faid,  till  thefc 
Confcquences  are  overthrown,  no  notice  ought  to  be  taken  of  Ob- 
jections, or  new  Experiments.  But  to  give  the  Objeftors  all  poflible 
Satisfaftion,  I  (hall,  in  the  following  Paper,  endeavour  to  (hew  the 
Fallacies  of  the  Arguments,  and  folve  the  PbcBnomena  of  the  Expe- 
riments made ;  (hewing,  both  by  Reafon  and  Experiment,  that  the 
Fa£ls  ought  to  be  as  they  are,  in  confequcjice  of  the  received  Opini- 
on and  Laws  of  Refinance. 

4.  PoUftus^s  Miftake  lies  in  this  ;  that  he  eftimates  the  Force  of  the  ^^/^-^  a 
Stroke  of  the  falling  Balls,  by  the  Depth  of  the  Impre(rion  made  in  onsuponfim 
the  Tallow,  Clay,  Wax,  or  any  yielding  Subftance.  But  we  muft  Experimuts 
confider,  that  when  two  Bodies  move  with  equal  Forces,  but  difFe-  ^'^^^H  ^^  '*^ 


rent  Velocities,  that,  which  moves  the  fwifte(V,  muft  make  the  deep-  ^^^^£^^^ 
eft  Imprc(Eon,  whilft  the  (lowed  Body  communicates  its  Motion  to  ^nitb  nvoL 
the  Clay  round  about,  and  therefore  does  not  ftrike  in  fo  deep  as  the  Experimms 


mm 


fwifter  Body,  which  puts  in  Morion  few  Parts  of  the  Clay,  be(ides  ^^  tbffame 

thofe  that  are  before  it,  and  which  Parts  have  fo  much  lefs  Time  to  f|/^^^,  '^q 

oppofe  this  Body*s  Motion^  as  its  Velocity  is  greater.     To  make  %yi^'p! zZ^. 

this  plainer.  Let  us  fuppole  a  Door  half  open,  and  moving  very 

freely  on  its  Hinges ;  if  a  Piftol  be  fired  againft  it,  the  Ball  willgo 

through  the  Door  without  moving  it  out  of  its  Place  •,  but  if  we  take 

a  large  Weight  of  Lead,  and  throw  it  again(t  the  Door,  with  the 

lame  Force  as  the  Piftol  Bullet  moved,  the  Door  will  be  carried 

out  of  the  Place  on  its  Hinges  by  the  Stroke ;  becaufe  in  the  fir(t 

Cafe,  the  Motion  of  the  Ball  is  communicated  but  to  a  few  Parts  of 

the  i)oor,  and  in  the  laft  it  is  diffufed  all  over  it.     Nay,  the  Door 

will  be  moved  by  the  Stroke,  even  though  there  (hould  be  a  promir 

Bent  Part  in  the  Lead,  no  bigger  than  a  PiftoI-BuUet,  in  order  to 

ftrike  the  Door  upon  no  more  of  its  Surface,  than  the  Bullet  had 

done. 

For  illujlrating  this  farther  I  contrived  the  following  Experiment. 

I  caufcd  a  Machine  to  be  made,  con(ifting  of  a  Bafe  of  Wood 
A  B,  which  could  be  fct  horizontal  by  means  of  three  Screws,  fuch 
as  SS :  Upon  this  Board,  or  Bafe,  there  ftood  upright  two  parallel 
Boards,  about  four  Inches  wide,  and  four  Inches  afunder,  with  the 
Elbow-piece  E  F  Aiding  behind  one  of  them,  fo  as  to  raife  its  up- 
per End  F  to  any  Height  defired.  Between  thefe  Boards,  fquare 
Frames  of  Wood  C  C  6fr.  with  Paper  extended  upon  them,  could 
Aide  in,  to  the  Number  of  Six,  in  an  horizontal  Pofition.  Thefe 
Paper  Diaphragms  being  thus  placed,  I  fufpcnded  an  Ivory  Ball  of 
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about  one  Inch  and  a  half  Diameter,  weighing  fomething  more  than 
an  Ounce  and  an  half,  by  a  ftiort  Thread,  under  F,  fo  chat  its  Cen- 
ter of  Gravity  hung  four  foot  over  the  firft  Diaphragm ;  then  cut- 
ting the  Thread,  the  Ball  fell  upon  the  Paper,  and  by  its  perpendi- 
cular Stroke  broke  through  that  Diaphragm,  and  the  three  next  un- 
der it.  Then  putting  fo  much  Lead  into  the  Ball  above-mentioned, 
(  which  was  made  hoUow  for  that  Purpofe  ).as  to  make  it  weigh  twice 
as  much  as  it  did  before  •,  and  bringing  down  F,  to  let  it  fall  but 
from  one  foot  -,  it  broke  through  only  two  Diaphragms  by  its  Fall. 
Making  the  Experiment  feveral  times  with  different  Heights,  but 
ftill  keeping  the.  Proportion  in  Height  of  four  to  one,  when  the 
Balls  were  as  one  and  two,  the  heavy  and  floweft  Ball  broke  through 
but  half  the  Number  of  Papers.  It  happened  indeed  fametimes  that 
there  was  fome  little  difference,  when  the  Papers  were  not  equally 
ftrong,  or  equally  ft  retched,  but  the  fwifteft  Ball  always  broke  through 
more  Papers  than  the  flow  one. 

Now  though  this  Experiment  does  at  firft  feem  to  confirm  Pole- 
nus^s  Theory  ;  yet,  when  duly  weigh'd,  it  proves  no  fuch  thing.  For 
the  lighter  Ball  does  not  break  through  more  Papers,  becaufe  it  has 
more  Force,  or  a  greater  Quantity  of  Motion,  but  becaufe  each  Dia- 
phragm has  but  half  the  time  to  refift  the  Ball,  that  falls  with 
a  double  Velocity,  and  therefore  their  Refiftance  being  as  the  time, 
as  many  more  of  them  muft  be  broken  by  the  fwift  Ball ,  as  by 
the  flow  one. 

To  all  the  Objeftors,  that  allow  the  Force  of  moving  Bodies,  and 
their  Quantity  of  Motion  to  be  the  fame,  what  has  been  faid  in 
this  and  my  former  Paper,  feems  to  be  a  full  Anfwer ;  but  as  there 
are  now  fome  Philofophers,  who  diftinguilh  that  Force  from  the 
Quantity  of  Motion,  I  am  obliged  to  fay  fomefhing  more  for  the 
clearing  up  of  that  Point. 

If  I  underftand  them  right,  they  call  vis  viva,  a  Force,  whole 
EfFeft  is  fenfible,  as  the  Force  of  Gravity,  when  it  accelerates  Bo- 
dies in  their  Fall ;  and  vis  mortua  a  Force,  which  being  deftroyed, 
produces  no  fenfible  EfFed,  as  the  force  of  Gravity  aSing  upon  a 
Weight  in  one  Scale  of  a  Balance,  when  the  Weight  cannot  defcend 
by  reafon  of  a  Counterpoife  in  the  other  Scale.  But  certainly  iio 
Man,  that  confiders  the  thing  attentively,  would  make  that  Diftin- 
dlion.  Howe^rer,  fince  Polenus  allows,  that  the  Quantity  of  Moti- 
on in  Bodies  is  as  the  Mafs  multiplied  into  the  Velocity  (or  M  V  )  ; 
but  fays,  that  the  Force,  with  which  they  aft,  which  he  diftinguifhca 
by  the  Names  of  vis  viva^  is  as  the  Mafs  multiplied  into  the  Square 
of  the  Velocity,  or  M  V  V  :  I  have  made  the  following  Experiment 
•  to  /hew  his  Notion  to  be  inconfiftent  5  diough  all  the  Ph(enomena  of 
unequal  Weights  applied  to  a  Statera^  fo  as  to  make  an  jEquilibriumy 
might  ferve  for  that  Purpofe,  if  it  had  not  been  objeded,  that  the 
farticular  Conftruftion  of  the  Machine  hindered  it  from  agreeing 

with 
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with  the  fuppofed  Theorem,  that  the  Force  is  as  the  Matter  multi- 
plied into  the  Square  of  the  Velocity. 

Let  two  Balls,  A  and  B,  be  joyned  by  a  String,  which  going   Experimnu 
through  the  fmooth  Hole  C  of  an  even  Table,  and  under  the  Pulley  ^'S-  ^^S- 
P,  fufpends  a  Weight  W.     It  is  plain,  that  upon  letting  go  the  Balls 
A  and  B,  from  the  places  A,  B,  they  will  move  towards  C  with  the 
fame  Force,  becaufe  each  of  them  will  be  drawn  towards  C  by  half 
the  Force  of  the  Weight  W,  whether  the  Balls  be  equal,  or  unequal* 

1.  The  Balls  being  of  two  Ounces  each  (of  Ivory),  were,  at  the 
fame  inftant  of  Time,  let  loofe  from  A  and  B,  each  diftant  twelve 
Inches  from  C,  and  both  came  to  C  at  the  fame  Time.  Here  the 
equal  Forces  will  agree  with  the  Produft  of  the  Maffes  into  the  Ve- 
Jocities,  or  into  the  Squares  of  the  Velocities ;  becaufe  A  x  1 2=B  x  1 2, 
as  well  as  A  X  144  is  equal  to  B  x  144. 

2.  If  A  be  four  Ounces  Weight,  and  let  go  from  D,  or  fix 
Inches,  whilft  B,  equal  to  two  Ounces  moves  from  12  Inches-,  both 
Bodies  will  again  meet  at  C :  therefore  here  the  equal  Forces  muft  be 
expreffed  by  the  Maffes  into  the  Velocities,  and  not  into  their  Squares ; 
for  though  A  X  6  be  equal  to  B  x  1 2  (4x6  =  2x12),  A  x  6  x  6,  or 
144  is  but  half  of  B  x  12  x  12,  or  288.  Whereas  if  the  Forces 
had  been  as  Polenus  affirms,  B  ihould  have  been  let  loofe  only  from 
8,  4  Inches. 

3.  When  A  is  fix  Ounces,  it  is  let  loofe  only  from  E,  or  4  Inches, 
to  meet  at  C  with  B  let  loofe  from  12;  for  then  Ax4  =  Bxi2, 
whilft  A  x  4  X  4,  or  96,  is  three  times  lefs  than  B  x  12  x  12,  or  288. 
So  that  according  to  Polenus^  B  muft  have  been  let  loofe  from  7 ;  but 
in  that  Cafe  it  comes  fooner  to  C  than  A. 

iV.  B.  The^Weight  W,  muft  be  greater  than  the  Weight  of  both 
Balls,  left  the  Fridion  of  the  Table  fhould  fpoil  the  Experi- 
ment.  . 

5.  A  Variety  of  Experiments  have  been  made,  and  reafoning  ufed  in  a  Remark  up- 
England  and  France^  to  prove  the  Truth  of  the  common  Opinion  ;  on  the  New 
but  they  do  not  entirely  fatisfie  all  the  Gentlemen  on  the  other  fide  of  Opinion  reU- 
the  Queftion.     The  prefent  ingenious  Profeffor  of  Mathematicksand  if^<?/^  '^^ 
Philoiophy  at  Utrecht  tells  us  in  the  Preface  to  his  Epitome  Elemenv  iJ'^Bodie7TH 
torum  Pb'jfico-Matbematicorum^  publiflied  this  Year,  Anno  ly 26^  J^^\heCafeofthe 
corporum  mo  turn  viribus  fupputandis  amplexusfum  fententiam  CL  Leib-  ColUjion  of 
nitfii,  Hugenii,  Poleni,  $•  Gravefandii,    Cff  antiqua  vdedixi^  quam  Non-EUftic 
baSlenus  foveram^  £5?  docueram :  Neque  me  retinuerunt  argumenta  doc-  Mr^^\o}in^ 
tijjimorum  virorum  in  Galliis  6f  Britannia  eandem  defendentium.     Et  Emcs! f!r,S. 
quando  experimenta  d  Poleno  (^  S.  Gravefandio  defcripta  examinantur  N©  396.  />. 
C*f  infpiciuntur^  tarn  manifejio  evincunt  vires  corporum  percutientium  ejfe  ^H- 
in  ratione  compofita  ex  quadrata  velocitatum.  &  ftmplici  majfarum^  ut 
illis  fuhfcribere  teneamur^  nifi  apertij/imis  contradicere  Jiudeamus.     I  beg 
leave  to  examine  the  truth  of  the  jiew  Opinion  in  the  Cafe  here  pro- 
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pofed,  viz.  Vires  corporum  prcutientium  \  and  I  lliall  endeavour  to 
Ihew  .from— their  own  Principles,  tha,t  it  cannot  be  true  in  all  tht 
Cafes  of  Non-Elaftic  Bodies. 

It  is  allowed,  that  the  common  Rules  of  finding  the  Velocities  of 
Non-Elaftic  Bodies  after  the  Stroke  are  true :  For  thus  the  ingeni- 
ous Mr.  S* Grave/and  tells  us  in  Paragraph  251,  of  his  SuppUmen^ 
turn  Phyftcum  \  Ex  hoc  principio  ( i.  e.  mulHpliaindo  maffam  per  velth- 
citatem)  deduxere  Philofophi  ipfas  illas  regulas  n.  234./  '^Zl^h  V^^^  ^^^ 
variis  modis  ex  principiis  noftris  deduximus\  mirum  hie  quidconiigit^ 
error  erroris  fuit  deftrullio^  fjf  duplex  error  ad  veritatem  conduxit ; 
falfum  de  menfura  virium  fecuti  Jitnt  prindpium^  6f  quod  veritati  etiam 
minimi  congruum  ejt,  nullam  vim  intro  premendo  partes ^  6?  barumfu^ 
perando  cohceftonem  corpora  amittere  pvjkere.  Now  the  Rule  for  find- 
ing the  common  Velocity  of  Non-Elaftic  Bodies  moving  the  fame 
Way  after  the  Collifion,  is,  to  divide  the  Sum  of  the  Quantities  of 
Motion  in  the  two  Bodies,  by  the  Sum  of  the  Quantity  of  Matter. 

It  \%  alfo  granted,  Motu  duohus  corporibus  communi  corpora  bac  in 
fe  mutuo  agere  non  pojfe.  Seft.  215.  Pendet  ergo  i£lus  a  velocilaie 
re^eifivaj  qua  manente  intenfttas  impaitionis  eadem  erit^  quomodocun^ 
que  celeritates  ahfolutee  varient.  Ah  intenfitate  hoc  pendet  pariium  in- 
troceffto^  qua  ergo  femper  eadem  erit^  ft  dui>  corpora  eadem  vehcitatc 
refpe£liva  in  fe  mutuo  incurruntj  quibufcunque  velocitatibus  meveoHtuK 

Thefe  Principles  fiirniJh  us  with  an  Argument  againft  the  new 
Opinion.  For  if  it  be  true,  then  equal  Caufes  may  have  unequal 
EfFefts,  and  that  in  their  own  Senfe  of  an  Effedt :  The  Proof  (hall 
be  taken  from  Inftances  of  the  EfFefts  of  the  Collifion  of  Non- 
Elaftic  Bodies,  whofe  refpeftive  Velocities  fhall  be  always  c^ 
qual. 

Let  (A)  and  (B)  ftand  for  two  Non-Elaftic  Bodies  of  equal 
Quantities  of  Matter;  and  let  (B)  be  at  Reft,  while  (A)  moves 
towards  it  with  8  Degrees  of  Velocity. 

Here  the  common  Velocity  after  the  Stroke  will  be  half  the  Ve- 
locity of  ( A )  before  the  Stroke,  1.  e.  4  Degrees.  ConfetjuentJy  the 
Force  in  ( B )  thus  communicated  by  the  Stroke  will  be  as  its  Square, 
or  16. 

Let  fB)  move  forward  with  two  Degrees  of  Vek>city,  and  {A) 
follow  it  with  10  Degrees  ;  the  refpeftive  Velocity  will  be  8  as  be-* 
fore  \  confequently  by  their  own  Principles  quoted  above,  the  Strokes 
in  both  Cafes  are  equal.  The  Velocity  in  (B)  after  the  Stroke  will 
be  half  the  Sum  of  the  Velocities  before  the  Stroke,  or  6  Degrees, 
by  the  common  Rule. 

According  to  the  new  Opinion,  the  Forces  being  as  the  Squares  of 
the  Velocities,  the  Force  of  (B)  before  the  Stroke  will  be  to.  its 
Force  after  the  Stroke,  as  the  Square  of  2  is  to  the  Square  of  6 ;  I  e. 
as  4  is  to  36.  Subduft  the  Force  in  (B )  before  the  Stroke,  from 
the  Force  it  has  after  the  Siroke,  and  you  have  the  Degrees  of  Force 
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cbmmunicated  by  the  Stroke :  Which,  if  this  Opinion  were  true, 
would  be  32,  i.  e.  juft  double  the  Number  of  Degrees  communica- 
ted by  the  fame  Force  in  the  former  Inftance ,  which  was  but  as 
16.  Thus  equal  Strokes  produce  unequal  EfFefts  in  our  fenfc  of 
EfFe6b. 

The  following  Table  gives  feveral  other  Inftances.  In  the  three 
firft  Columns  you  have  the  Velocities  of  the  two  Bodies  both  before, 
atid  after  the  Stroke  ;  in  the  two  next,  you  have  the  Forces  in  (B) 
both  before,  and  after  the  Stroke  ;  and  in  the  fixth,  the  Difference 
of  thofe  Forces,  or  the  different  Degrees  of  Force  effedled  by  the 
fame  Stroke  ;  and  in  the  laft  Column,  the  Proportion  of  thofe 
Forces,  or  Effefts  of  the  Caufe  or  Stroke.  ' 
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the  Stroke. 

If  it  be  faid,  that  I  have  not  confidered  the  other  Part  of  the  en- 
tire Effefl:  of  the  Stroke,  the  Intropreffion  of  the  Parts ;  I  reply, 
this  will  make  but  a  fmall  Alteration  in  the  Matter;  fince  the 
IntrDpre(Ik>ns  in  all  theft  Cafes  are  equal,  the  relative  Velo- 
cities being  by  Suppofition  the  fame:  So  ^at  notwithftanding, 
upon  the  whole,  one  and  the  fame,  or  equal  Caufes,  will  produce 
unequal  £ffe£ts. 


6.  The  Demonftration  rtms  thus :  "  Concipio  corpus  C  Eg.  126. 
moveri  oblique  in  daftrtim  L,  velocitate  C  L  ut  2,  angulo 
inclmationis  CLP  exiftente  30  gn  cujus  nempe  finus  C  P  eft  fe- 
miflis  raidii  C  L.  Suppono  autem  earn  efle  refiftentiam  in  elaftro, 
ut  ad  illud  tendendum  requiratur  praecise  unus  velocitatis  gradus 
in  ilk>  corpore,  fi  perpencHculariter  impingeret.  Quid  ergo  jam 
Set  poft  incurlionetn  obliquam  corporis  C  in  elaftrum  L  ?  Quo-^ 
niam  motiis  per  C  L  componitur,  ut  notum  eft,  ex  duobus  col- 
lateralibus  per  C  P  &  PL,  &  cum  C  P,   fecundum  quam  cor- 
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Fig.  126.       *'  pus  direfte  impingic  in  elaftruml.,  exprimit  dimidiam  celfritatem 

"  corporis  per  C  L,  confumetur  hie  motus  per  C  P,   tenfo  elaftra 

**  ( perindc  enitn  effct,  ac  fi  corpus  C  .celeritaie  C  P  perpendicula- 

*'  riter  incurrerct  in  elaftrum,  quod  per  Hypothefin,  earn  celcrita- 

*'  tern  dcftruere  poffet  J  rcmanente  coipr-ris  celeritate,  &  diredtione 

''  PL.     Produfta  igicur  PL  in  M,  ita  ut  LiVI  fit  =;;  PL=:i/  3 

"  ( ponitur  cnim  C  L  =  2  )  &  applicato  in  M  alio  fimili  elaftro  fa- 

"  ciente  cum  L  M  angulum  L  M  Q,  cujus  finus  L  Qj=  C  P  =  i, 

*'  per  eandem  rationem  manifeftum  eft  corpus  C,  poft  tenfionem  ela^ 

"  ftri  L,  tenfurum  effe  elaftrum  M,  amiflb  motu  per  L  Q^  &  fer- 

"  vato  motu  per  Q^M.     Prolongata  itaque  Q^M  ad  N,  ut  fiat 

*'  M  N  =  QJM  =  1/2  ibique  fubftituto  elaftro  fimili  ttnio  conftitu- 

*'  ente  cum  M  N  angulum  MNR  femircftum,  quo  fcilicet  MR 

''  iterum  fit  =C  P=  i  •,  patet  fimiliter  motum  per  M  R  totum  im- 

"  pendi  in  tenfionem  elaftri  N,  corpore  interim  moveri  pergente  di- 

''  reftione  &  celeritate  R  N=  i.     Denique  fi  hac  celeritate  rcfidua 

'*  impingat  perpendiculariter  in  elaftrum  O,  huic  tendendo  totam 

**  fiiam  vim  reliquam  dabit ;  ipfum  itaque  corpus  ad  quietcm  re- 

"  digetur.     Hifce  ita  praemiflis,  patet  nunc  potentiam  corporis  C 

*'  tantam  fujfle,  ut  per  fe  folum  tendere  pofllt  prsecise  quatuor  e- 

*«  laftra  talia,  ad  quae  fingqla  feorfim  tendenda  requiritur  dimidia  ve- 

"  locitas  corporis  aequalis  ipfi  C,  adeoque  cum  eflPedlus  illius  qua- 

*'  druplo  major  fit  quam  efreftus  hujus,  evidens  eft  quoque  vim  cor- 

*«  poris  velocitate  2  grad.  quadruplam  effe  vis  corporis  cjufdcm,  vel 

*'  aequalis,  velocitate  i  grad.      • 

'*  riaud  abfimili  modo' demonftrarMn  corpus  C  velocitate  3  grad. 
"  tendere  poffe  9  elaftra,  ad  quorum  unum  tendendum  unus  velo- 
*'  citatis  gradus  in  co  corpore  requiritur,  &  tandem  in  genere  nume- 
'*  rum  elaftrorum  tenforum  femper  effe  quadratum  numeri  graduumi 
*'  yelocitatis.  Unde  igitur  fequetur,  vires  corporum  aequalium  efle 
*^  in  duplicata  rationc  ceJeritatum,  Q^E  D.  j 

1.  This  Argun?ent  is  founded  entirely  on  thq  commonly  received 
Doftrine  of  the  Compofition  and  Refdution  of  Forces^  and  rtot  up- 
on any  decifive  Experiments,  that  Have  been  aftually  made  upoa 
this  Occafioh. 

2,  All  that  is  proved  from  this  Doftrine,  is,  that  a  Body  moving 
.y            •   with  two  Degrees  of  Velocity »  may  -be  njiade  to  bend  4  5  wirh^5  De- 

grees  of  Velocity  it  may  be  made  to  boid  9  fimilar  Spripgs,:  e^cb  de- 
/^y^^g'^"^  Degree  of  Velocity  in  a  perpendicular  Direction,  be-* 
-^^  .     .         fcre  its  Force  is  entirely  fpent,  .provided  you  take  care  tq  alter  the 
'•  -  ../.       Djreflions  oF  the  Motion  in  eyery  Stroke  but  the  laft,  after  a  cer- 
\       '  tain  manner:  That  had  the  fame  Body  moved  but  with  one  De- 

V  V-  :  .,    i  gre'e  of  Velocity  in  one  Direftion,    and  that  in  a  perpendicular 
\ .  ,      one;  it  would  havejoft  all  its  Force  at  once,  and  bent  but  one  of  thole 
•  '  •  ^    .  M    Springs :  Which  is  far  from  proving  the  thing  in  Queftion, 

•'^^7'-.;  ;'.•'■•  '    •'  3- To 
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3.  To  make  the  Reafoning  on  this  Head  conclufive,  the  two 
Bodies  (hould  not  only  be  equal  in  Qyandty  of  Matter,  but  a  like  in 
that  material  Circumftance  the  Diredion  of  their  Motions ;  fo  that 
if  one  of  the  Bodies  move  in  a  perpendicular  Dire<5lion,  the  other 
fhould  do  fo  too  i  or  if  the  one  ftrikes  in  an  oblique  Direfl^ion,  the 
other  fliould  do  the  fame,  and  that  in  the  fame  Degree  of  Obli- 
quity ;  and  laftly,  if  one  moves  in  feveral  Diredionsi,  ^  the  other 
fliould  do  the  fame.  But  in  the  Cafe  before  us  one  is  fuppofed  to 
move  but  in  one  Direftion  perpendicularly,  and  the  other  to  move  in 
three  oblique  Diredions,  and  but  one  perpendicular. 

4.  Let  therefore  the  fame  Body  move  always  in  the  fame  Direc- 
tions, and  with. a  fmall  Alteration,  the  Argument  ufed  in  this  De- 
mo|iftration  will  be  fo  far  from  proving  than  fide  only  of  the  Qnef- 
tion  for  which  it  was  brought,  that  it  will  equally  ferve  to  prove  the 
truth  of  the  other,  namely,  that  the  Forces  of  the  fame  Body  mov- 
ing with  different  Velocities  are  as  thofc  Velocities. 

Let  therefore  the  fame  Body,  inftead  of  moving  with  two  Degrees 
of  Velocity^  move  but  with  one,  and  in  the  fame  Direftions  as  a- 
bove  J  only  let  the  Springs  be.  capable  of  deftroying  but  half  a  De- 

tree  of  Velocity  in  a  perpendicular  Direftion ;  then  by  the  fame 
eps  of  reafoning  it;. will  follow,  that  this  Body  will  now  alfo  bend  4 
limilar  Springs,  before  its  Force  is  fpent ;  fo  that  the  fame  Body 
moving  with  half  the  Velocities,  and. in  the  fame  Diredtions  as  be- 
fore, bends  the  fame  Number  of  Springs  ;  only  now  the  Springs, 
make  but  half  the .  Refiftance,  that  the  Springs  in  the  former  Cafo 
madci  therefore  tlie  Effe^  in.this  Cafe,  nccording  to  ourway^of 
eftimating  an  Effed,  is.  but  half  th.e  former  Effeft  ; .  confequently-  the» 
Forces  prpducieg  thefe  EfFe<5ls  are  as.  2  to  i :  But  in  this  Ratio  are 
the  Velocities,  with  which  the  Bqdy  moved  in  the  two  Cafes  j  there- 
fore  the  JForces  ?re  as  the  Velocities. 

Let  the.  Bpdy  move  with  3  Degrees  of  Velocity^,  and  it.  wilP 
bend  9  fimilar  Sprii^g8,.cajch  deftroying  one  Degree  of  Velocity  in^ 
a  perpci^dicalar  Dire^^i  3n,  be^rc  the  whde  Force  is  confumed.  So' 
alfo  by  the  fame  way  of  arguing,  it  i;^  ai  certain,  that  if  the  fame 
Body  move  with  one  Degree  of  Velocity,  it  will  bend  9  fimilar 
Springs^  each  deftroying  a  third  Part  of  one  Degree  of  Velocity  in' 
a  perpc^ndicular  Djreftion,  befp^e  its  I\orce  is  cxtinguifhed :  So  that 
^ill  thq  Effedbs,  or Refiftances  overcome  in  thc-famepireftions,  are,' 
according  to  our  way  of  computing,  as  3  to.  one  ;  and  fo  alfo  their 
Forces  muft,  be; but  in. the  fame  Ratio  of  3' to  i.,.  ajs  were  the  Ve- 
locities ;  'consequently  the  Forces  are  as  the  Velocities. 

5.  Since  the/efore  this  Proof  drawn  from  the  Doftrine  of  Com- 
pofition  and  Refolution.of  Forces  equally  proves  both  fides jof  the 
Qyeftion,  it  proves  too  much,  or  in  reality  nothing. ac  all  5^  and  is) 
therefore  far  jrom  dcfcrving  the  Name  of  a  Dsmonftratxon, 

;       ••...:.:.....     ^    .      :•    .v:-'       •.   ' 
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7.  The  Refulc  of  thcfe  Experiments  is.  That  die  Velocities  of  any 
Fluid,  ifiliing  out  at  equal  Orifices  made  in  the  Sides  of  Vcffels  filled 
up  to  diiTerent  Heights,  and  kept  full  at  thofc  Heights,  above  the 
Orifices,  are  foiwi  to  be  as  the  iquare  Roots  of  thofe  Heights  refpec- 
tively.  Thus,  \fhen  the  diflferent  Heights' above  the  Orifices  are  as 
the  Numbers  i,  4,  9,  16,  fcfr.  the  Velocities  of  the  Particles  of 
Water,  iffuing  out,  are  found  to  be  as  the  Numbers  i,  2,  3, 
4,  ^c. 

The    Argument   drawn    from    thefe    Experiments,    in    Favour 
of  the  Opinion,  that  the  Forces  of  equal  Maflfes,  or  moving  Bodies, 
arc  proportional  to  the  Squares  of  their  Velocities,  rum  thus.     All 
the  Particles  of  Water,    being  of  the  feme  Nature,  and  uniform, 
every  fingle  Particle  iffuing  out  with  two  Degrees  of  Velocity,  muft 
move  with  4  Times  the  Force  of  any  other  fingle  Particle,  that  moves 
but  with  one  Degree  of  Velocity  ;  becaufe  the  Force  with  which  ir 
moves,  is  the  Effeft  of  a  Caufe  4  Times  greater  -,  namely,  the  Prcf- 
fure  of  a  Column  of  Water,  whofe  Height  is  4  Titties  greater. 
.  Thus,  again,  a  Particle  of  Water  running  out,  with  3  Degrees  of 
Velocity,  muft  move  with  9  Times  the  Force  of  a  Particle  moving 
with  but  I  Degree  of  Velocity  ;  becaufe  that  Force  is  the  EfFefl:  of 
a  Caufe  9  Times  greater,  viz.  the  Preffure  of  a  Column  9  Times 
higher  :  Since  no  lefs  than  a  Column  9  Times  higher,  is  found,  by 
Experience,  neccffary  to  make  the  feveral  Particles  of  Water  iffue 
out  with  3  Degrees  of  Velocity.    So  that,  in  thefe  two  Inftances,  it 
ftems  to  be  certain,  that  the  Forces  communicated,  are  as  the  Squares 
of  the  Velocities.     And  that  it  is  fo  univcrfally,  is  argued  thus: 
The  Preffures  are  as  the  Altitudes,  and  the  Altitudes  as  the  Squares 
of  the  Velocities  of  every  fingle  Particle  5   therefore  the  Prcfliires 
are  as  the  Squares  of  the  Velocities  5  but  the  Preflbfes  are  the  Cau- 
fes  of  the  Forces,  with  which  the  feveral  Particles  of  Water  iffue 
out,  or  move;  and  therefore  fince  Effedtsare  proportional  to  thdr 
Caufes,  die  Forces  with  which  the  feveral  Particles'  ifliie  out,  and 
move,  are  as  the  Squares  of  the  Velocities. 

The  Fault  committed  in  this  Reafoningj  and  which  quite  runs 
through  it,  is  the  miftaking  a  Part  of  the  Effedk  for  the  Whole. 
The  entire  Effedt  of  any  of  thefe  Preffures  is,  not  barely  a  certain 
Number  of  Degrees  of  Velocity,  in  any  fingle  Particle,  but  certain 
Degrees  of  Velocity  in- a  certain  Number  of  Particles^'  and  that  cer- 
tain Number  of  Particles,  in  a  given  Time,  is,  confeffedly,  as  the 
Degrees  of  Velocity. 

The  entire  Effed  of  thefe  Preffures  being  taken  into  Confideration, 
feems  to  overturn  this  new  Rule  in  Mechanicks  for  computmg  the 
Forces  of  moving  Bodies,  which  is,  Thai  the  Forces' are  as  the  ^an- 
tities  of  Matter  muUiplied  by  the  Squares  of  the  Velocities.  And  this 
I  fhall  endeavour  to  make  out  thus :  The  Gentlemen  who  advance 
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this  new  Rule,  at  the  fame  Time  that  they  aflert  the  Velocities,  in 
the  Cafes  of  the  Experiment  above-mentioned,  to  be  as  the  Square 
Roots  of  the  Altitiides,  do  alfo  confefs,  that  the  Quantities  of  the 
Fluid,  preffed  out  in  emial  Times,  are  as  thofe  Velocities.  For 
thus  an  ingenious  Profeffor  tells  us  in  his  Epitome  Element.  Pbyf. 
Math.  Part,  i^*  Cap.  iv.  p.  665.  "  ^antitatesfluidorum  ex  utro- 
"  qtte  vafe  exeuntium  in  eodem  tempore  funt  inter  fe  velut  celeritates^ 
**  adeoque  in  fubduplicata  ratione  altitudinumfluidorum/upra  foramina.** 
Now  if  this  be  true,  that  the  Quantities  of  Water  flowing  out  in 
equal  Times,  are  as  the  Velocities,  then  the  Forces  cannot  be  as  the 
C^antities  of  Matter  multiplied  by  the  Squares  of  the  Velocities : 
For  then  the  EfFefts,  inftead  of  being  proportional,  would  be  more 
than  in  Proportion  to  their  Caufes.  Thus,  the  Effeft  of  a  PrcfTure 
of  a  Column  of  any  Fluid,  as  Water,  9  Inches  high^  inftead  of 
being  but  9  timfes  greater  than  that  of  i  Inch  above  the  Orifice, 
will  be  no  lefs  than  27  Times  greater.  For  the  Velocity  being  at 
this  Height  triple,  the  Quantity  of  Matter  in  a  given  Time,  will 
alfo  be  triple  ;  which  laft,  multiplied  by  the  Square  of  the  Velocity, 
cives  27  for  the  Force  communicated  by  a  PrcfTure  of  9  Inches  ia 
Altitude,  while  the  Force  communicated  by  the  Preffure  of  i  Inch, 
is  but  as  I.  So  that  the  moving  Forces  produced  will  be  as  27 
to  I,  while > the  Caufes  producing  thefe  Forces,  are  but  as  9  to  i.,^ 
i.  e.     three  times  too  little  for  fuch  a  Purpofe. 

Thus  igain,  if  the  Velocities  be  as  i  and  4,  the  Quantities  of 
Water  iffuing  out  will  be  as  i  and  4 ;  but  the  Eflfeds,  or  Forces 
produced,  according  to  the  new  Rule,  will  be  as  i  and  64  •,  though 
the  Preffures,  which  communicate  them,  are  but  as  the  Altitudes^ 
which  are  as  i  and  16.  Whereas,  to  produce  fuch  Effefls,  the  Air 
titudes  of  the  latter  Column  ought  to  have  been  as  64 ;  !•  e.  4  Times 
greater  than  by  Experience  it  is  found  to  be.   - 

I  cannot  but  obferve,  in  the  laft  Place,  that.the  common  Rule  of  -  ^^,  j,. 
cftimating  the  Forces  of  moving  Bodies  by  the  Quantities  of  Matter  ^^^ 
multiplied  by  their  Velocities,  is  rather  confirmed  by  thefe  very  Ex- 
periments. For  then,  according  to  the  old  Maxim,  EfFeda  arc  pro- 
portional  to  their  Caufes,  the  Forces,  communicated  will  be  as  the 
Forces  communicating,  or  Preffures.  Thus  let  the  Altitude,  and 
confcquent  Preffure  of  any  Column  of  Water  be  9-  Times  greater 
than  the  Altitude  of  another  ;  then  the  Velocity  of  every  fingle  Par- 
ticle of  Water  preffed  out  will  be  triple,  and  the  Number  of  Parti- 
cles iffuing  out  m  a  given  Time  will  likewife  be  triple  j  therefore  the 
Force  refulting  from  thefe  two  multiplied  tc^ether,  according  to  the. 
common  Rule,  will  be  9,  proportional  to  the  Preflfiare>  as  it  ought 
to  be.  So  again,  if  the  Altitude  be  i6  Times  greater,  the  Velocity 
will  be  quadruple,  and  the  Number  of  the  Particles  quadruple,  and 
the  Force  produced  the  Produd  of  thefe  twos,  u  e.  16,  ftill  pro- 
ponional  to  the  Altitude,  or  Preffure. 

And 
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And  univcrfally,  the  Forces  communicated,  according  to  the  old 
Rule,  are  in  a  Ratio  compounded  of  two  others.  One  of  the  Quan- 
tities of  Matter,  and  the  other  of  the  Velocities :  The  Ratio  of  the 
Velocities,  by  the  Experiments,  is  the  fubduplicate  Ratio  of  the 
Heights,  and  the  Ratio  of  the  Quantities  of  Matter  is,  by  Confef- 
fion,  likewife  the  Subduplicate  of  the  Heights :  Therefore  the  Com- 
pound of  thefe  2  is  the  Ratio  Integra^  or  fimple  Ratio  of  the  Heights  ; 
in  which  Ratio  are  the  Preffures  themfelves,  which  produce  thefc 
moving  Forces:  So  that,  according  to  the  common  Rule,  the  Ef- 
fefts  are  always  proportional  to  their  Caufes, 

•   After  the  fame  manner  S.  Gravefande  reafons  in  Par^^raph  355  of 
Phyfices  Elem.  Math.  Edit.  i. 

Oj\iL  Tropor-  8.  Every  Effeft  muft  neceflarily  be  proportionate  to  the  Caufe  of 
Hon  of  Veloci'  that  EfFedt  ;  that  is,  to  the  A£lion  of  the  Caufe,  or  the  Power  ex- 
*?  ^'^/^'^^^  c»"ted  at  the  Time  when  the  Effeft  is  produced.  To  fuppofe  any 
^Motion  J  tube  Eff^^  proportional  to  the  Square  or  Cube  of  its  Caufe,  is  to  fuppofc 
Rev,  Dr.  Sam.  that  an  EiFeft  arifes  partly  from  its  Caufe,  and  partly  from  No- 
Clarke.    Nothing. 

401.  p-  382.  In  a  Body  in  Motion,  the  Force  arifing  from  the  Quantity  of  the 
Matter  as  its  Caufe,  muft  neceflfarily  be  proportional  to  the  Quanti- 
ty of  the  Matter:  And  the  Force  arifing  from  the  Velocity  of  the 
Motion  as  its  Caufe,  muft  neceflarily  be  proportional  to  the  Velocity 
of  the  Motion.  The  whole  Force  therefore  arifing  from  thefe  two 
Caufes,  muft  necefTarily  be  proportional  to  thefe  two  Caufes  taken 
'  together.     And  therefore  in  Bodies  of  equal  Bignefs  and  Denfity,  or 

in  one  and  the  fame  Body,  the  Quantity  of  Matter  continuing  al- 
ways the  fame,  the  Force  muft  neceflarily  be  always  proportional  to 
the  Velocity  of  the  Motion.  If  the  Force  were  as  the  Square  of  the 
Velocity,  all  that  part  of  the  Force,  which  was  above  the  Propor- 
tion of  the  Velocity,  would  arife  either  out  of  Nothing,  or  (accord- 
ing to  Mr.  Leibnitz*s  Philofophy  )  out  of  fome  living  Soul  efTential- 
ly  belonging  to  every  Particle  of  Matter. 

Whenever  any  Effeft  is  in  a  duplicate  Proportion,  or  as  the 
Square  of  any  Caufe  ;  it  is  always  either  becaufe  there  are  two  Cau- 
fes afting  at  the  fame  Time,  or  that  one  and  the  fame  Caufe  continues 
to  aft  for  a  double  Quantity  of  Time. 

The  Refiftance  made  to  a  Body  moving  in  any  fluid  Medium,  is 
in  a  duplicate  Proportion  to  the  Velocity  of  its  Motion;  becaufe,  in 
Proportion  to  its  Velocity,  it  is  refifted  by  a  greater  Number  of 
Particles  in  the  fame  Time  ;  and  again,  in  Proportion  to  its  Veloci- 
ty, it  is  refifted  by  the  fame  Particles  fingly  with  a  greater  Force, 
as.  being  to  be  moved  out  of  their  Places  with  greater  Velocity. 

Light  decreafes  in  a  duplicate  Proportion  of  its  Diftance  from  the 
Sun  ;  becaufe  the  Rays  divaricate  according  to  two  Dimenfions  ;  ac- 
cording to  the  Dimenfion  upwards  or  downwards,  and  according  to 

the 
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the  Dimenfion  fide-ways.  But  according  to  the  third  Dimenfion  for- 
wards from  the  Sun,  a  Ray  of  Light  undergoes  no  Alteration  ;  be- 
caufc  the  Particles,  of  which  it  confifts,  being  all  emitted  with  an 
equal  Velocity,  continue  every  where  at  equal  Diftance  from  each 
other. 

One  and  the  fame  Caufe,  afting  in  a  double  Quantity  of  Time, 
produces  the  fame  Effeft,  as  twoeqiial  Caufes  afting  in  a  fingle  Quan- 
tity of  Time.  One  and  the  fame  Force,  in  two  Parts  of  Time,  will 
caufe  a  Body  in  Motion  to  defcribe  the  fame  Space,  as  double  the 
Force  would  do  in  one  Part  of  Time.  The  Space  defer i bed  there- 
fore by  a  Body  in  Motion,  is  not  as  the  Force  •,  but  as  the  Force  and 
the  Time  taken  together.  A  Body,  with  any  the  leaft  affignable 
Force,  will  move  through  infinite  Space,  if  it  meets  with  no  Re- 
fiftence,  in  an  infinite  Time.  And  in  Spaces  where  there  is  an  uni- 
form Refiftence  to  Motion,  the  Space  defcribed  before  the  Motion 
ceafes,  muft  needs  be  as  the  Force  and  as  the  Time  together  :  Be- 
caufe  a  double  Force  will  carry  a  Body  twice  as  far  in  the  fame  Time, 
and  will  alfo  caufe  the  Motion  to  be  twice  as  long  Time  in  deftroy- 
ing  by  an  uniform  Refiftence.  The  Space  defcribed  therefore  before 
the  Motion  ceafes,  is  in  this  Cafe  demonftrably  as  the  Square  of  the 
Force.  A  Body  thrown  upwards  with  double  Force,  will  be  carried 
four  times  as  high,  before  its  Motion  be  ftopped  by  the  uniform 
Refiftence  of  Gravity  ;  becaufe  the  double  Force  will  carry  it  twice 
as  high  in  the  fame  Time,  and  moreover  require  twice  the  Time  for 
the  uniform  Refiftence  to  deftroy  the  Motion.  The  Cafe  is  the  fame 
in  accelerated  Motion ;  in  Bodies  accelerated  by  a  Succefllon  of 
elaftick  Impreffions,  or  felling  with  a  Motion  accelerated  by  the 
uniform  Power  of  Gravity,  or  by  any  other  uniform  Power  whatfo- 
cvcr.  The  Space  defcribed  mufl:  needs  be  as  the  Force,  and  as  the 
Time  wherein  the  Force  operates- 

What  I  have  thus  demonftrated  concerning  any  Force,  confidered 
as  the  Caufe  producing  an  Efiift ;  and  concerning  the  Time,  during 
which  the  Force  operates ;  is  on  all  Hands  acknowledged  to  be  true 
concerning  Velocity.  And  therefore  Velocity  and  Force,  in  this 
Cafe,  are  one  and  the  fame  Thing.  So  that  to  affirm  Force  to  be  as 
the  Square  of  the  Velocity,  is  to  affirm  that  the  Force  is  equal  to  the 
Square  of  itfelf. 

Now  from  hence  appears  very  clearly  the  Ground  of  the  Error 
thefc  Gentlemen  have  fallen  into,  and  of  their  Mifapplication  of  the 
Experiments  they  build  upon. 

The  Effeft  of  a  Force  imprefs*d  on  a  moveable  Body,  is  the  Mo- 
tion of  that  Body  from  one  Place  to  another.  Now  forafmuch  as 
the  Effeft  cannot  but  be  proportional  to  its  Caufe,  hence  Mr.  Leib- 
mtz  (whom  the  other  Gentlemen  have  followed)  contends  that  the 
Space  defcribed  by  a  Body  in  falling,  is  proportional  to  the  Force  by 
which  it  13  impelled  during  its  Fall.     Which  Space  being  agreed  to 
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be  as  the  Square  of  the  Velocity  (  as  being  proportional  to  the  Ve- 
locity and  to  the  Time  taken  together  )  hence  they  infer  that  the  Force 
likewife  is  as  the  Square  of  the  Velocity. 

But  from  what  has  been  faid,  it  is  plain,  that  the  Space  defcribed 
in  thefe  and  all  other  the  like  Cafes,  is  not  as  the  Force  only,  but  as 
the  Force  and  as  the  Time  wherein  the  Force  adb  ;  that  is  to  fay,  as 
the  Square  of  the  Force.  For  the  Caufe  of  the  Quantity  of  the 
Space  defcribed,  is  not  barely  the  Quantity  of  the  Force,  but  alfo 
the  Continuance  of  the  Time  wherein  the  Force  afts.  The  Force 
therefore  and  the  Time  taken  together,  being  neceflarily  as  the 
Space  defcribed  •,  as  the  Velocity  and  the  Time  taken  together,  are 
on  all  Hands  acknowledged  to  be ;  it  follows  that  the  Velocity  and 
the  Force  are  equal,  and  not  the  Force  as  the  Square  of  the  Ve- 
locity. 

When  two  unequal  Bodies  fattened  at  the  Ends  of  the  Arms  of  a 
Balance  of  unequal  Length,  counterpoife  each  other,  and  vibrate  in 
equal  Times;  as  they  muft  neceffarily  do,  being  fattened  to  the 
Arms  of  the  fame  Balance :  Which  is  an  Obfervation  Mr.  Leibnilx 
lays  great  Strcfs  upon  :  In  that  Cafe  indeed  the  Forces  will  be  as  the 
V  Spaces  defcribed.  But  not  therefore  as  the  Square  of  the  Velocities. 
For  in  that  Cafe,  the  Velocities  themfelves  are  as  the  Spaces  defcribed, 
becaufe  the  Times  are  equal. 

When  a  Body  projefted  with  a  double  Velocity,  enters  deeper  in- 
to Snow  or  foft  Clay,  or  into  a  Heap  of  fpringy  or  elaflick  Parts, 
than  in  Proportion  to  its  Velocity  •,  it  is  not  becaufe  the  Force  is 
more  than  proportional  to  the  Velocity  \  but  becaufe  the  Depth  it 
penetrates  into  a  foft  Medium,  arifes  partly  from  the  Degree  of  the 
Force  or  Velocity,  and  partly  from  the  Time  wherein  the  Force 
operates  before  it  be  fperit. 

In  the  Collifion  of  hard  Bodies,  it  is  ( I  think)  agreed  on  all  Hands, 
that  it  is  demontlrated  by  Reafon,  and  confirmed  by  Experience  ; 
that  when  a  perfedlly  hard  Ball,  moved  with  whatever  Degrees  of 
Velocity,  ftrikes  full  upon  another  hard  Ball,  equal  in  Bignels  and 
Weight,  and  without  any  Motion  in  it ;  if  the  Balls  be  unelaftick, 
they  will  both  goon  together  the  fame  Way,  dividing  the  Motion 
equally  between  them,  with  half  the  Velocity  the  firft  Ball  had  ori- 
ginally :  But  if  .they  be  perfedly  elaflick,  the  moving  Ball  will  com- 
municate its  whole  Motion  and  Velocity  to  the  quiefcent  Ball,  and 
it  felf  lie  (till  in  the  other's  Place.  Were  it  true  now,  that  the  Force 
of  the  moving  Ball  was  as  the  Square'of  its  Velocity  -,  thefe  Experi- 
ments would  then  Ihew  (  which  is  infinitely  abfurd )  that  the  Force 
or  vis  inertics  in  the  quiefcent  Ball,  the  dead  Force,  was  always  pro- 
portional ro  the  Square  of  the  Velocity  (which  thefe  Gentlemen  affeift 
to  call  t!  e  living  Force.)  of  the  moving  Ball,  whatever  its  Velocity 
were.  Or  the  Force  in  both  might  juft  as  reafonably  be  fuppofed  to 
be  as  the  Cube,  or  the  quadrato-quadrate,  or  any  other  Power  of 
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the  Velocity  of  the  moving  Ball.     Which  is  turning  the  Nature  of 
Things  into  Ridicule. 

III.  Whereas  feveral,  who  have  been  curious  in  meafuring  of  Time,  AContnvanct 
have  taken  Notice,  that  the  Vibrations  of  a  Pendulum  are  flower  in  to  avoid  the 
Summer  than  in  Winter;  and  have  very  juftly  fuppofed  this  Altera-  irregularities 
tion  has  proceeded  from  a  Change  of  Length  in  the  Pendulum  itfelf,  ^Mothn  oaa- 
by  the  Influences  of  Heat  and  Cold  upon  it,  in  the  different  ZfaSom  fioned  ly  the 
of  the  Year-,  with  a  View  therefore  of  correfting,  in  fome  Degree,  AaioncfHeat 
this  Defeft  of  the  Pendulum,  I  made  feveral  Trials,    about  zIiq  anJ Co/J upon 
Year  1 7 15,  to  difcover  whether  there  was  any  confKJerable  Difference  ^pg„^^'jum    h 
of  Expanfion  between  Brafs,  Steel,  Iron,  Copper,  Silver,  ^c.  when  Mr,  G.  Gra. 
expofed  to  the  fame  Degrees  of  Heat,  as  nearly  as  I  could  deter-  ham,  fFatcb- 
mine  ;    conceiving  it  would  not  be  very  difficult,  by  making  ufe  oi  ^^^'^*^-^^' 
two  Sons  of  Metals,  differing  confiderably  in  their  Degrees  of  Ex-  N-392/40- 
panfion  and  Contradlion,  to  remedy,  in  great  Meafure,  the  Irregu- 
larities to  which  common  Pendulums  are  fubjcft.    But  although  it  is 
caQly  difcoverable,  that  all  thefe  Metals  fuffer  a  fenfible  Alteration 
of-  their    Dimenfions    by   Heat  and  Cold  ;     yet   I    found    their 
Differences,  in  Quantity  from  one  another,  were  fo  fmall,  as  gave 
i         mc  no  Hopes  of  fucceeding  this  Way,  and  made  me  leave  off  pro- 
fecuting  this  Affair  any  farther  at  that  Time.     In  the  Beginning  of 
Dec.  1 72 1,  having  Occafion  for  an  exaft  Level,  befides  other  Mate- 
I         rials  I  made  Trial  of,.  Quickfilver  was  one  ;  which,  although  I  found 
it  was  by  no  Means  proper  for  a  Level,  yet  the  extraordinary  De- 
j         grec  of  Expanfion,  that  I  obferved  in  it,  when  placed  near  the  Fire, 
I         beyond  what  I  had  conceived  to  be  in  fo  denfe  a  Fluid,  immediately 
I         fuggefted  to    me  the  Ufe  that  might  be  made  of  it,  by  applying 
it  to  a  Pendulum.     In  a  few  Days  after,  I  made  the  Experiment, 
but  with  much  too  long  a  Column  of  Quickfilver,  the  Clock  going 
flower  with  an  Increafc  of  Cold,  contrary  to  the  common  Pendu- 
lum i  however,  it  was  a  greater  Confirmation  of  .the  Advantage  to  * 
be  expedted  from  it,    fince  it  was  eafy  to  fhorten  the  Column  in 
any  Degree  required.     The  only  doubt  I  entertained,  was,  left:  there 
Ihould  not  be  a  proportional  Expanfion  and  Contraftion  between  the 
Quickfilver,  and  the  Rod  of  the  Pendulum,   through  the  various 
Degrees  of  Heat  and  Cold,  from  the  one  Extreme  to  the  other.     To 
make  this  Experiment  the  more  convincing,  I  placed  the  Clock  in 
a  Part  of  the  Houfe,  the  mofl:  expofed  of  any  to  the  Changes  of 
Heat  and  Cold,  the  Room  having  no  Fire  in  it  in  the  Winter,  and 
expofed  to  a  South  Sun,  with  Leads  above  it,  which,  in  the  Sum- 
mer, made  it  extremely  hot.     I  hung  a  Thermometer  by  it,  and 
had    likewife    another   Clock  at    no    greater   Diftance    from    it, 
than  was  neceflfary  to  keep  the  Cafes  from  touching  one  another. 
This  Clock  had  been  made  fome  Years  before,  with  extraordinary 
Care,  having  a  Pendulum  about  60  Pounds  in  Weight,    and  not 
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vibrating  above  one  Degree  and  a  half  from  the  Perpendicular ;  and 
which,    in  a  more  temperate  Situation,   had  not  altered  above  12 
or  14''  in  24  Hours,    between  Winter  and  Summer;    but  in  this 
Place  it  altered  30^^  a  Day,  between  the  hotteft  and  coldeft  Wea- 
ther, in  the  Year  1722,  a  Year  no  way  remarkable  for  either  Ex- 
rreme.      But  this   great   Alteration  was  owing  to  the  Situation  I 
mentioned  above,  and  which  I  made  Choice  of  for  the  fake  of  mak- 
ing the  Experiment  the  more  fenfible.     The  two  Clocks  being  firm- 
ly°fcrewed  to  a  Party- Wall,  I  began  to  make  the  firft  Trial  of  this 
Kind  of  Pendulum,  Bee,  18..  17?!,  and  by  Jan.  3,  perceiving  the 
Pillar  of  Quickfilver  confiderably  too  long,  I  procured  a  fhorter 
Glafs,  which  I  got  ready  by  the  eighth,  and  made  ufe  of,  until  the 
Beginning  of  June  following  :  By  which  Time  I  was  well  fatisfied  of 
the  Advantage  of  the  Contrivance,  notwithftanding  both  thefe  Pen- 
dulums were  but  rudely  executed,  and  this  laft  had  the  Pillar  of 
Quickfilver  too  (hort,   but  much  nearer  the  true  Length  than  the 
iirft.     This  encouraged  me  to  provide  another  Glafs,  a  little  longer 
than  the  laft,  and  to  beftow  more  Care  upon  all  the  Parts  of  the 
Pendulum  that  required  Exaflnefs.     This  being  finiflied,  by  the  9th 
of  June^  I  began  then  to  obferve  the  Motion  of  the  Clock,  by  the 
Tranfits  of  the  fixed  Stars,  as  often  as  the  Weather  permitted,  mak- 
ing ufe  of  a  Telefcope  which  moved  in  the  Plane  of  the  Meridian  •, 
with  this  Inftrument  I  could  be  fure  of  not  erring  above  two  Se- 
conds in  Time.    The  Clock  was  kept  conftantly  going,  without  hav- 
ing either  the  Hands  or  Pendulum  altered, from  the  9th  ofjunejiyiz^ 
to  the  14th  of  0/ff.  1725,  being  three  Years  and  four  Months. 

For  the  firft  Year,  I  wrote  down  every  Day,  the  Difference  be- 
tween the  two  Clocks,  with  the  Height  of  the  Thermometer,  not 
omitting  the  Tranfits  oi  the  Stars,  as  often  as  it  was'clear.  The 
Refult  of  all  the  Obfervations  was  this,  That  the  Irregularity  of  the 
Clock,  with  the  Quickfilver  Pendulum,  compared  with  the  Tranfits 
of  the  Stars,  exceeded  not,  when  greateft,  a  fixth  Part  of  that  of 
the  other  Clock- with  the  common  Pendulum;  but  for  the  greateft 
Part  of  the  Year,  not  above  an  eighth  or  ninth  Part ;  and  even 
this  Quantity  would  have  been  leflTened,  had  the  Pillar  of  Mercury 
been  a  little  ftiorter ;  for  it  differed  a  little  the  contrary  Way  from 
the  other  Clock,  going  fafter  with  Heat,  and  flower  with  Cold  ;  but 
I  made  no  Alteration  in  Length,  to  avoid  an  Interruption  of  the 
Obfervations.  To  confirm  this  Experiment  the  more,  about  the  Be- 
ginning of  July  y  1723,  I  took  ofl^the  heavy  Pendulum  from  the  other 
Clock,  and  made  another  with  Quickfilver,  but  with  this  Difference, 
that  inftead  of  a  Glafs  Tube,  I  niade  ufe  of  Brafs,  and  Vwirnifhed  the  in- 
fide,  to  fecure  it  from  being  injured  by  the  Mercury.  This  Pendulum  I 
have  made  ufe  of  ever  fince,  and  find  it  about  the  fame  Degree  of 
Exaftnefs  as  the  other.  The  Reafon,  why  this  kind  of  Pendulum 
is  more  exaft  than  the  common  Sort,  will  be  evident  to  any  one, 
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who  conlidcrs,  that  as  Heat  lengthens  the  Rod  of  the  Pendulum,  at 
the  fame  Time  it  increafes  the^  Length  of  the  Pillar  of  Quickfilver, 
and  its  Center  of  Gravity  is  moved  upwards  :  And  when,  by  Cold, 
the  Rod  of  the  Pendulum  is  fhortened,  the  Pillar  of  Quickfilver  is 
likewife  fhortened,  and  its  Center  of  Gravity  carried  downwards  ;  by 
this  Means,  if  the  Column  of  Quickfilver  be  of  a  proper  Length, 
the  Diftance,  between  the  Point  of  Sufpenfion  and  tne  Center  of 
Ofcillation  of  the  Pendulum,  will  be  always  nearly  the  fame,  up- 
on which  the  exadl  Motion  of  a  Clock  principally  depends.  Were 
the  Pendulum  of  a  Clock  to  remain  invariably  of  the  fame  Length, 
yet  fome  little  Inequalities  would  appear  in  its  Motion,  from  the  Dif- 
ference of  Friftion  arifing  from  the  Imperfedlions  of  the  Materials, 
as  well  as  diflferent  Degrees  of  Foulnefs ;  upon  which  Account,  the 
Force  communicated  to  the  Pendulum,  would  not  be  conftantly 
equal,  which  would  caufe  fome  fmall  Alteration-  But  when  the  Pen- 
dulum is  very  heavy,  and  vibrates  in  a  fmall  Arch,  and  the  Workman- 
fhip  of  all  the  Parts  is  well  performed,  there  will  be  very  little  Ine- 
quality in  the  Morion,  befides  what  proceeds  from  Heat  and  Cold. 

In  making  ufe  of  Quickfilver  for  a  Pendulum,  by  varying  the 
Diameter  of  the  Veflfcl  that  contains  it,  or  the  Thicknefs  of  the  Rod 
of  the  Pendulum,  whether  it  be  of  Brafs  or  Steel,  they  may  be 
reduced  nearly  to  an  Equality  as  to  the  receiving,  or  retaining  the 
Impreffions  of  Heat  or  Cold,  upon  which  the  greater  Regularity  of 
the  Motion  depends ;  and  particular  Care  ought  to  be  ufed  to  irtt. 
the  Mercury  from  all  Blebs  of  Air,  otherwife  dieir  great  and  fudden 
Expanfion,  or  Contrafl-ion,  may  caulc  a  confidcrable  Difordcr  ; 
but  the  Air  may  as  eafily  be  excluded  in  this  Way,  as  in  a  Baro- 
meter, and  the  great  fpecifick  Gravity  of  Quickfilver,  renders  it  a 
proper  Material  for  the  Weight  of  a  Pendulum. 


Para^ 


IV.  Prop.  I.  Vi  gravilaliSj  ejufque  direSfione  datis,  motus  corporis  Of  the p^^ 
proje^i^  in  medio  noii  reftjlente^  fit  in  Parabola,  bolic  Motion 

Dcm,  Projiciatur  corpus- de  loco  A  in  dircftione  lineae  A  B,  ^\i- 'f  ^rojeaUs^ 
que  ejus  trajeftoria  curva  A  CD.     Ad  trajedtorise  punAum  q^od- ^'''^'^^'^^'^ 
libet  C,  due  reftam  CB  in  diredione  vis  Grayitatis,    reftre  A  B  Tay^or/if.  y?. 
occurrentem  in  B ;    atq;  refolvetur    mqtus    projcftilis  per  AC  in  5.    N^  367/ 
partes    A  B,    B  C,    quarum  AB    oritur  a  motu  projedlionis  uni-^ 'Si- 
fornvi,  atque  BC   a  vi  gravicatis  accderante.     Eft  ergo  redta  de- ^'S* '^7- 
fcripta  A  B  tempori  proportional  is  ab  initio  motus  in  A,  atq-,  dt 
B  C  in  duplicata  ratione  ejufdem  temporis,  ficut  olim  demonftravic 
Galilaus  ;    adeoque  in  duplicata  ratione  rectns  A  B.     Cum  ergo  fit 
B  C  in  duplicata  ratione  redtae  A  B,  conltat  curvam  A  C  D  cflfe 
Parabolam.     Q^E.  D, 

Prop.  J  I.  VeiocUas  corporis  proje£li  in  quolibet  punSlo  trajeSloria^ 
ea  ejl^  quam  corpus  acquirers  pot  eft  cadendo  per  aititudinem  cequalem 
quarta  parti  parametri  Parabola  adpun£lum  iliud. 

Dem. 
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Fig.  123.  T>em.  Sit  Trajeaoria  A  C  D.  Ad  punftum  qqodlibet  A  ducantur 

tangens  A  B,  &  diameter  A  E.     In  tangente  A  B  fiat  A  B  sequa- 
lis  dimidio  parametri  ad  verticem  A,    &  diametro  A  E  paraJlela 
ducatur  B  C,  trajeftoriae  occurrens  in  C,  &  ad  pundlum  C  duci  in- 
telligatur  tangens  C  G,  tangenti  A  B  occurens  in  F,  atq;  diame- 
tro A  E  in  G.     Turn  ex  natura  parabolae  erunt  A  G,  C  B  aequa- 
les,    adcoq;  &   A  F,  F  B  ;    &  quoniam  eft  A  B  sequalis  dimidio 
parametri  ad  punftum  A,   erit  B  C  quarta  pars  ejufdem  parametri, 
&  proinde  aequalis  ipfi  B  F.     Ipfi  B  C  proximam  &c  p  irallelam  due 
b  c,  parabolae  occurrentem  in  c,  &  due  linear  B  b,  parallelam  C  0, 
ipfi   b  c  occurrentem  in  jS.     Tum  quoniam  fpatium  C  c,  adeoque 
&  fpatium  3  c,  finguntur  perexigua,  velocitatcs  quibus  defcribun- 
tur  erunt  aequabiles   quamproxime ;   adeoq-,   fpatia  B  b,  feu  C  ^, 
C  c,  cum  eodem  tempore  defcribantur,   erunt  ut  velocitates  quibus 
defcribunrur,   &  viciflim   velocitates  erunt  ut  fpatia.      Coincidant 
punfta  C  c,  atq;    erunt  hae  rationes   accuratas.     Scd   in   ifto   cafu 
propter  fimilia  triangula  C  /3  c,  F  B  C,  fit  C  j3  ad  jg  c,  ficut  F  B 
ad  B  C  •,    ideoq;  velocitates  quibus  defcribuntur  B  b,  3  c   font  ut 
FB,  BC,  hoc  eft,  font  aequales.     Velocitas  autem,  qua  defcribitur 
Bb,  ea  eft,  qua  moverur  projeftile  in  punfto  A,  &  velocitas  altera 
qua  defcribitur  j3c,  ea  eft  quam   corpus   acquirit  cadendo  p^r  a!«* 
titudinem  BC  quartan  partis  parametri  ad  pundum  A.     Eft  ergo 
velocitas  projeftilis  in  quolibct  punfto  A  aequalis  velocitati,  quam  cor- 
pus acquire  re  poteft  cadendo  per  al  titudinem  quartae  partis  parametri 
ad  punftum  illud.     Q:  E.  D. 

Prop.  III.  Datis  velocitate  &?  direHione  projeHioniSy  invenire  Uror 
je5toriam  corporis  project. 
Fig.  129.  I-  Projiciatur  corpus  de  loco  in  direftione  redae  A  B.     Due  A  C 

in  diredione  vis  gravitatis,  (  hoc  eft  Horizonti  perpendicularem,  ) 
ejus  longitudinis,  ut  fit  C  punftum,  upde  corpus  cadendo  acquirerc 
poteft  velocitatem  in  A,  qua  fit  projeftio.  Due  A  F  agqualera 
AC,  angulum  FAB  conftituentem  cum  linea  dircftionis  A  B, 
aequalem an^ulo  CAB.  Due  CD  perpendicularem  ad  AC  ('hoc 
eft  horizonti  parallelam, )  ciq;  occurrentem  F  D,  ipfi  A  C  paralle- 
lam. Bifeca  F  D  in  E  5  atq;  erit  E  F  axis,  atq-,  E  vertex  princi- 
palis Parabolae,  per  quaip  movetur  projeftile.  Unde  defcribetur 
Trajeftoria  per  notas  proprietates  Parabolae.     Q,  E.  F. 

Dem.  Eft  enim  A  C  quarta  pars  parametri  ad  verticem  A.  Undc 
conftant  castera  ex  conicis. 

2.  Ad  punftum  Trajeftorias  quodvis  G,  due  GH  ipfi  AC  pa- 
rallelam, &  ipfi  CD  occurrentem  in  H ;  atque  erit  H  G  altitudo, 
per  quam  corpus  cadendo  acquirere  poteft  velocitatem,  qua  movetur 
projedlile  in  punfto  G.     Q^E.  F. 
Hoc  item  conftat  ex  Prop.  2.  &  ex  conicis. 
Fig.  128.  Scbol.  Si  ad  pufffta  A,  &  C  ducantur  tangentes  AB,  CG  oc- 

currences rcdis  horizonti  perpeadicularibus  CB,  AG,  in  B&G  5 

velocitates 
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velocitates  in  A  &  C  crunt  inter  fe  uc  tangentium  partes  intercepta?, 
A  B,  C  G.  ^ 

Prop.  IV.  UnicofaSlo  eicperimepjto  invenire  velocitatem  proje£lioni5. 

Projiciatur  corpus  de  loco  A  in  direftione  qualibet  A  B,  atq;  ob-  Fig.  128. 
fervetur  punftum  percuffum  C.  In  direftione  vis  gravitatis  ducatur 
C  B,  ipfi  A  B  occurrens  in  B,  atque  ipfis  C  B,  A  B,  fiat  tertia 
proportionalis  L.  Erit  quarta  pars  longitudinis  L.  akitudo,  per 
quam  corpus  cadendo  acquirere  poteft  velocitatem  proiedlilis  in  A. 
Q,  E.  I. 

Dem.  Eft  enim  L  parameter  Trajeftoriae  ad  pundtum  A  5  unde 
conftat  folutio  per  propofitionem  fecundam. 

ScboL  Commodiffime  inftituitur  experimentum,  erefta  ad  horizon- 
tern  perpendicular!  A  G,  &  direftionem  fumendo  A  B,  quae  bifecec 
angulum  C  A  G  i  refta  etiam  A  C  exiftente  horizonti  parallela. 
Nam  in  ifto  cafu  aJtitudo  quaefita  acqualis  eft  dimidio  diftan* 
tiae  AC 

Prop.  V.  Datis  direStione  (^  velocttate  projeElionis  \  invenire  occur- 
fum  TrajeSloricB  cum  reSld  tranfeunte  per  f  unburn  unde  fit  projeSlio^ 

Projiciatur  corpus  de  loco  A  in  diredlione  redae  A  B.  In  direc-  ^'S-  'So* 
tione  gravitati  contraria,  fiat  A  C  aequalis  altitudini,  per  quam  cor- 
pus cadendo  acquirere  poteft  velocitatem,  qua  fit  projeftio,  atq;  du- 
catur C  E  ipfi  A  C  perpendicularis.  Fiat  F  A  aequalis  ipfi  C  A, 
atq;  angulum  conftituens  FAB  aequalem  angulo  CAB.  Sit  AK 
refta,  cujus  occurfus  cum  Trajeftoria  qua^ritur.  Due  F  I  ipfi  A  K 
perpendicularem,  atq;  ipfi  C  E  occurrentem  in  D.  In  C  E  fume 
ED  aequalem  CD,  atq;  ducatur  ipfi  CE  perpendicularis  EK, 
ipfi  A  K  occurrens  in  K.     Erit  K  punftum  quasfitum. 

Dem.  In  Flproduftafiat  fl  aequalis  FI,  atq;  ducantur  f  A,  fE,  ^   > 

F  E,  F  K.  Quoniam  eft  angulus  F  I A  reftus,  atq;  f  I  asqualis  F  I, 
eft  ctiam  f  A  aequalis  F  A.  Sed  per  conftruftionem  eft  F  A  asqualis 
CA,  atqtie  angulus  DCAreftus.  Sunt  ergo  punftaC,  F,  fad  cir- 
culum  centro  A  defcriptum,  quem  tangit  refta  DC  in  C.    Sunt  ergo  \ 

F  D,  CD,  f  D,  continue  proportionales.    Sed  eft  E  D  aequalis  CD  ; 

(perconftruftionem).  Sunt  ergo  F  D,  E  D,  f  D  continue  proportionales ; 
adeoque  ob  angulum  communem  ad  D,  triangula  FED,  E  f  D  funt  j 

fimilia,  atque  angulus  D  E  F  aequalis  angulo  E  f  F.     Pundta  iraq;  tria  ■(■ 

F,  E,  f  funt  adCirculum,  quem  tangit  recla  E  D  in  E.  Sed  quoniam 
eft  f  I  aequalis F  I,  atq;  angulus  FIK  redtus,  centrum  iftius  circuli 
eft  in  refta  I  K ;  item  quoniam  eft  angulus  D  E  K  redlus,  centrum  il-  ; 

lud  eft  etiam  in  refta  EK.  Eft  ergo  K  centrum  iftius  circuJi,  ade- 
oque FK  aequalis  eft  ipfi  EK.  Jam  (per  Prop.  3.)  funt  F  focus 
Trajeftorijc,  atq;  C  A  quarta  pars  parametri  ad  pundgm  A.    Unde  ' 

cum  fit  C  E  ad  A  C  &  E  K  perpendicularis,  atq;  F  K  aequalis  E  K, 
erit  pundtum  K  ad  Trajectoriam  (per  conica;.  Q.  £•  D. 

Prop. 


rj. 
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Prop.  VI.  lifdem  datiSy  invenire  occurfum  TrajeSoria  cum  reSdj  qud^ 
Ubet  pofjMne  data, 
Fig.  131.  Projiciatur  corpus  de  loco  A  in  diredione  A  B,  fitq;  GH  refta 

cujus  occurfus  cum  Trajeftoria  qua^^rirur.  Due  A  C  in  dircckione  gra- 
vitati  contraria,  atq;  jequalem  akitudini,  per  quam  corpus  cadendo 
acquirere  poteft  velocitatem,  qua  ficprojcdio  ;  &  due  A  F  aequalem 
ipfi  A  C,  ita  ut  fie  angulus  FAB  aequalis  angulo  CAB;  &  duca- 
tur  C  E  perpendicularis  ipfi  C  A.  Ducatur  FI  ipfi  G  H  occurrcns 
ad  angulos  reftos  in  I,  acq-,  ipfi  C  E  in  D  ;  &  in  F  I  fiat  f  I  aequa- 
lis  F  I.  In  C  E  fiat  E  D  media  proportionalis  inter  F  D  &  f  D;  & 
ipfi  CE  ducatur  perpendicularis  EK,  ipfi  GH  occurens  in  K. 
Erit  K  pundtum  quaefirum.     Q^  E.  I. 

Dem.  Conjungendo  f  E  demonftratur  ad  modum  propofitionis  pracr 
cedentis. 

Schol  Quoniam  punftum  E  fiimi  poteft  ad  utramlibet  partem  punc- 
ti  D,  duo  funt  punfta  K,  k,  ubi  refta  G  H  occurrit  Trajeftorise. 

Prop.  VII.  Data  velocitate  projeSlionis^  invenire  dirsSiionemj  qua 
faciat,  ut  Traj^iloria  iranfeat  per  punSum  datum. 
Fig.  130.  Projiciatur  corpus  de  loco  A,  &  fit  K  punftum,  per  quod  tranfire 

debet  Trajeftoria  quaefita.  Fiat  A  C,  in  direftione  gravitati  contra- 
ria,  ^qualis  altitudini,  per  quam  corpus  cadendo  acquirere  poteft  fc- 
locitatem  projedtionis.  Ducatur  C  E  ipfi  A  C  perpendicularis,  &  ad 
cam  due  K  E  perpendicularem.  Centris  A  &  K,  &  radiis  C  A, 
E  K  defcribantur  duo  circuli  fibi  mutuo  occurrentes  in  F.  Due  F  A, 
&  bifcca  angulum  C  A  F  reda  A  B.  Erit  AB  direftio qusefita,  in 
qua  fieri  debet  projedio,  ut  tranfeat  Trajcaoria  per  punftum  K 
Q.  E.  F.  "^     ^ 

Dem.  Eft  C  A  sequalis  cjuartse  parti  parametri  ad  pundum  Afper 
Prop,  2j  Etper  conftruftionem  funt  F  A,  C  A  aequalcs,  item  FK, 
E  K.  Eft  ergo  F  focus  Parabolas  per  punfta  A,  K,  defcripta.  Scd 
niam  tangit  reda  A  B  in  A,  propter  angulos  FAB,  CAB  sequalcs. 
Corporc  itaq;  projedo  de  punfto  A,  in  direftionc  A  B,  ea  cum  velo- 
citate, quam  corpus  acquirere  poteft  cadendo  per  aititudinem  C  A, 
tranfibit  Trajeftbria  per  punftum  K.     Q^E.  D. 

N.  B.  Cum  eirculorum  centris  A,  K,  &  radiis  C  A,  E  K,  dc- 
feriptorum  duo  fint  concurfus,  F  f,  bifeftis  angulis  F  AC,  f  AC» 
duo  etiam  erunt  dircftiones,  quae  faciant,  ut  Trajeaoria  tranfeat  per 
punftum  datum  K.  ^ 

Prop. VIII.  DatddireSfione  projemonis^  invenire  velocitaiem^  quafa- 

ctat  ut  TrajeSloria  tranfeat  per  punHum  datum. 

«g.  ij^ijt       Projiciatur  corpus  de  loco  A  in  direftione  reft^  A  B,  &  facien- 

^S^  fi.^  ut  tranfeat  Trajedoria  per  punftum  K.    Due  A  K,  camque 

^  bifcea  m  C,  &  m  dircdtione  gravitatis  due  C  B,  ipfi  A  B  oceurren- 

ttmm  B;  &  junge  BK.    Due  AD,  KB,  ipfi  CB  parallclas,  & 

^ucantur  AF,  KF  fibi  mutuo  occurrentes  in  F,  ita  ut  fint  anguli 

•     FAB,  DAB  aequalcs,  item  FKB,  EKB.    Erit  FA  aqiwlis 

altitudini 


Q  JFc^.  /26. 


ip(a  EK,  erit  etiam  pK  minor  ipla  FK.     bed  elt  pK  major  ip(a 
fK,  atquc  eft  f  K  major  ipfa  F  K/(qiioniam  eft  f  A  minor  ip{?i 

R  r  FA 
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FAB»  DAB  sequalesy  item  FKB>  EKB.    Eric  FA  aequalis 

alcicudini 


Of  the  parabolic  Motion  of.Proje&ih.  303 

altitudini,  per  quam  corpus  cadendo  acqairere  poteft  velocitatem 
qusefitam, .  qua  projeftio  fieri  debet  in  diredione  AB,  uc  tranfeac 
Trajedtoria  per  K.     Q.  E.  F. 

Dem.  Quoniam  C  B  eft  in  direftione  gravitatis,  eft  diameter  Pa- 
rabolas; &  quoniam  CA  aequalis  eft  CK,  eft  CB  diameter  ad 
ordinatam  A  K.  Unde  cum  fit  A  B  tangens  ad  parabolam  in  A, 
crit  ctiam  KB  tangens  ad  punftum  K.  Hinc  quoniam  A  D  eft  in 
diredionc diametrorum,  atque  angulus  FAB  aequalis  angulo  DAB, 
tranfit  A  F  per  focum  parabolas.  .  Eodem  argumento  tranfit  etiam 
K  F  per  focum.  Eft  ergo  F  focus  parabolas,  adeoque  F  A  quarta  • 
pars  parametri  ad  pundlum  A,  quae  proinde  aequalis  eft  altitudini, 
per  quam  corpus  cadendo  acquirere  poteft  velocitatem  ad  hoc  necefla- 
riam,  ut  pro]e6lo  corpore  de  A,  in  direftione  A  B,  tranfeat  Tra- 
jedloria  per  punftum  K. 

Prop.  IX.  Invenire  velocitatem  minimam  6?  direSlionem  ei  congruamy 
qua  fieri  poteft^  ut  tranfeat  Trajeiloria  per  punSlum  datum. 

Projiciendum  fit  corpus  de  loco  A  cum  velocitate  omnium  mi-  Fig.  133. 
nima  &  diredione  ei  congrua,  qua  fieri  poteft  ut  perveniat  in  locum 
K,  hoc  eft  ut  tranfeat  Trajeftoria  per  punftum  K.  Duftis*  A  C, 
K  E  in  diredtione  gravitati  contraria,  &  dufta  A  K,  bifeca  angulos 
C  AK,  EKA  redtis  A  B,  KB,  fibi  mutuo  occurrentibus  in  B.  Due 
B  C  ipfi  A  C  occurrentem  ad  angulos  redlos  in  C,  atque  erit  C  A 
altitudo,  per  quam  corpus  cadendo  acquirere  poteft  velocitatem  quas- 
fitam  ;  eritque  AB  direftio  quaefita.     Q.  E.  F. 

Dem^  Ducatur  B  F  ipfi  A  K  occurrens  ad  angulos  reftos  in  F, 
atque  occurrat.CB  ipfi  KE  in  E.  Propter  angulos  CAB,  BAF, 
item  angulos  EKB,  BKF,  asquales,  atque  angulos  redlos  in  C, 
E,  &  F,  erunt  aequales  C A,  FA,  item  E K,  F K.  Hinc  con- 
ftat  pundta  A,  K  cflfe  ad  parabolam,  quam  tangit  refta  A  B  in  A, 
cujuique  parameter  ad  pundlum  A  eft  quadruplum  altitudinis  C  A, 
foco  cxiftente  F.  Corpore  itaque  projedo  de  A  in  direftione  A  B, 
ea  cum  velocitate,  quam  corpus  acquirere  poteft  cadendo  per  altitu- 
dinem  C  A,  Trajedtoria  crit  dida  Parabola  (per  Prop.  2.  )  Dico 
autem  illam  efle  velocitatem  minimam,  feu  eflfe  C  A  partem  quar- 
tam  parametri  omnium  minimae,  qua  Parabola  defcribi  poteft,  quae 
tranfeat  per  punfta.  A,  K.    * 

Si  fieri  poteft,  in  C  A  capiatur  altitudo  c  A  minor,  quae  fit  quarta 
pars  parametri  ad  pundtum  A,  Due  ipfi  C  A  perpendicularem 
c  e,  ipfi  K  E  occurrentem  in  e,  &  centro  A  &  radio  A  c,  defcri- 
batur  circulus  ipfi  A  K  occurrens  in  f.  Quoniam  c  A  dicitur  quar- 
ta  pars  parametri  ad  pundtum  A,  focus  Parabolas  erit  pundlum  ali- 
guod  p,  in  circumferentia  circuli  c  p  f,  centro  A  &  radio  A  c  de- 
Icripti.  Si  ergo  fit  pundlum  K  ad  parabolam  illam,  erit  p  K  asqua- 
lis  c  K.  Eft  vero  F  K  asqualis  E  K-  Unde  cum  fit  e  K  minor 
ip(a  E  K,  erit  etiam  p  K  minor  ipla  F  K.  Scd  eft  p  K  major  ipla 
f  K,  atque  eft  f  K  major  ipla  F  K,  (quoniam  eft  t  A  minor  ipfa 
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F  A  per  hyp. )  unde  fit  p  K  major  ipfa  F  K.  Sed  jam  dicebatur 
p  K  minor  ipfa  F  K  ;  quae  repugnant,  Nequit  ergo  Parabola  de- 
fcribi,  qune  tranfeat  per  punfta  A,  K,  minori  parametro  quam  in 
folutione  definitum  eft.    Q^E.  D. 

Prop.  X.  Data  velocUate  projeSlioniSy  invenire  direSiionem^  que  fa* 
ciaiy    ttt  corpus  projiciatur  ad  diftantiam  omnium   maximam  in  plana 
dato  ;   atqtie  dijiantiam  illam  definire. 
I^»S-  »34'  Sit  planum  datum  A  K  atquc  invenienda  lit  diftantia  maxima  AK, 

ad  quam  corpus  projici  poteft  in  piano  illo. 
*  Due  A  C  in  dircftione  gravitati  contraria,  aequalem  quartae  parti 
parametri  ad  punftum  A.  Tum  bifefto  angulo  CAK  refta  AB, 
crit  A  B  direftio'  projeftionis  quaefita.  Due  C  B  ipfi  C  A  pcrpen- 
dicularem,  rcftae  A  B  occurrentem  in  B,  atque  in  C  B  produfta 
fiat  B  E  asqualis  ipfi  B  C  Tum  du6la  E  K,  ipfi  C  A  parallela, 
quas  occurrkt  piano  A  K  ki  K,  erit  A  K  diftantia  maxima 
quaefita. 

Bern,  Centro  A  &  radio  A  C  defcribe  circulum,  ipfi  AK  occurren- 
tem in  F,  &  ducantur  B  F,  B  K.  Quoniam  anguli  CAB,  BAF  funt 
«quales  (  per  conftruftionem  )  atque  A  F  aequalis  C  A,  erit  B  F 
asqualis  CB,  asqualis  BE  (per  conftruftioncm )  atquc  anguU  ad 
F  rcfti.  Unde  etiam  fit  F  K  asqualis  E  K.  Sunt  ergo  punfta 
A,K  ad  parabolam  foco  F  defcriptam,  quam  tangit  AB  m  A  (prop- 
ter angulos  CAB,  FAB  aequales)  quarta  parte  parametri  ad  punc- 
tum  A  cxiftente  C  A.  Corpore  igitur  projefto  de  loco  A,  in  di- 
redione  A  B,  ea  cum  velocitate,  quam  corpus  acquirere  poteft  ca- 
dendo  per  akitudinem  C  A,  Trajedoria  tranfibit  per  punftum  K 
(per  Prop.  2.)  (^E.  D. 

Dico  autem,  quod  fit  K  A  diftantia  omnium  maxima,  ad  quam 
corpus  projici  poteft  de  loco  A  eadem  cum  velocitate. 

Si  fieri  poteft,  eadem  parametro,  ad  A  dcfcribatur  parabola, 
quae  tranfeat  per  punftum  diftantius  k,  hoc  eft,  projiciatur  corpus  ad 
diftantiam  majorem  k  A*  Due  B  k,  atque  ipfi  KE  parallclam  kc, 
ipfi  C  E  occurrentem  in  e.  Quoniam  F  B,  E  B,  item  F  K,  E  K, 
fant  nequales,  fiint  etiam  anguli  F  B  K,  E  B  K  aequales.  Angulu^ 
ergo  F  B  k  major  eft  angulo  k  B  e  ;  unde  fit  k  F  major  ipft  k  c. 
Scd  quoniam  eft  A  C  quarta  pars  parametri  ad  punftum  A,  focus 
parabolas  erit  alicubi  in  circumferentia  circuli  centro  A,  &  radio 
C  A  defcripti.  Sit  focus  ille  p,  &  ducatur  p  k.  Tum  quoniam 
'^  p  k  major  eft  ipfa  F  k,    erit  etiam  p  k   major  ip(3  k  e.     Scd  ut 

parabola  tranfeat  per  punftum  k,  debet  eflc  p  k  aequalis  k  e.  Ne- 
quit ergo  parabola  duci  in  circumftantiis  propofitis,  quas  tranfeat 
per  punftum  k  diftantius  punfto  K  ;  adeoque  nee  corpus  projici  ad 
diftantiam  majorem  ipfa  K  A.     Q^E.  D. 

Prop.  XI.  lifdejn  pofitisy  invenire  locum  puncli  K,  feu  Curvam  de- 
fcribere^  qucB  tangat  omncs  parabolas  eodem  vertice  A  6f  eadem  para* 
vutro  defcriptas. 

Sit 
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Sit  A  vertex  darus,  atque  in  diredbione  gravitati  contraria  ducatUr  ' 
A  G  aequalis  quartse  parti  parametri  datse.    Turn  defcripta  parabola,  Fig-  i3S- 
cujus  vertex  principalis  fit  C»  atque  focus  A  -,  erit  ea  curva  qusefita. 

Dem.  Due  quamlibet  AK,  atque  in  ea  fume  F  A  jequalcm  CA, 
&  ducatur  C  B  ad  C  A  perpendicularis,  fitque  K  pundhum  in  pro 

rfitione  prsBcedente  inventum.  In  A  C  produfta,  fafta  C  c  asqua* 
CA,  ducatur  ce  parallela  ipfi  CE;  ducatur  etiam  KE  paral- 
Icla  ipfi  A  C,  ipfis  CE,  c  c  occurrens  in  E  &  e.  Per  propoficionem 
praecedentem  eA  K  E  aequalis  ipfi  F  K  j  unde  cum  fit  etiam  F  A 
aequalis  ipfi  AC,  aequalif  ipfis  C  c,  Ee  fper  conftruftionem )  eft 
ergo  Ke  «qualis  KA;  unde  eft  punftum  K  ad  parabolam  foco 
A  &  vertice  principali  C  defcriptam.     Q^  E.  D. 

Bifcfto  autem  angulo  A  K  E  a  redia  K  B,  tanget  ha;c  utramque 
parabolam,  tarn  foco  F  per  A  &  K,  quam  foco  A  per  K  defcriptam^ 
Unde  fe  mutuo  tangunt  parabote.     (^E.  D. 

V.  I  took  a  Ball  of  Gold  of  an  Inch  in  Diameter,  that  had  a  little  ^xf^rmtnts 
Stem  of  the  fame  Metal,  with  a  place  on  it  to  fatten  a  String  to  ;  SXiM^^ 
and  having  fufpended  it  by  a  filken  TJiread  too  ftrong  to  lengthen  by  FM^Mixch 
ftretching,  I  made  theDiftance  between  the  Center  of  the  Ball,  and  30/^/1721. 
the  Point  of  Sufpenfipn  equal  to  12,5  Inches,  then  caufing  the  Ball  BytbeRctr.. 
to  vibrate  in  a  Trough  full  of  Water,  ( which  had  an  upright  Piece  I'  ^'^l^*d^" 
of  Wood  in  the  middle  of  one  fide  with  Pins  or  Keys  from  which  p^  £  s.  N«' 
the  Ball  hung,  that  the  Center  of  Sufpenfion  might  always  be  in  the  367.  p,  142. 
fame  Place )  I  obferved  by  looking  from  a  Pin  on  one  fide  of  the 
Trough  to  a  Mark  made  oppofite  to  it  on  the  other  fide,  where- 
abouts the  String  of  the  Pendulupi  (juft  above  the  Surface  of  the 
Water,  in  which  the  Ball  was  quite  immerfed )  went  after  14  Vibra- 
tions ,  and  by  another  Pin  and  oppofite  Mark,  alfo  obferved  where 
it  went  to,  after  28  Vibrations.     Taking  out  the  Water,  I  filled  the 
Trough  with  Mercury,  the  length  of  the  Penduluniy  Point  of  Suf- 
penfion and  all  other  things  remaining  as  before :    Then  letting  go 
the  Ball  in  the  Mercury  from  the  fame  Place  whence  it  was  let  down 
when  the  Trough  was  full  of  Water-,    (which  was  marked  by  a 
String  ftretched  a-crofs  to  prevent  Miftakes  )  after  one  whole  Vibra- 
tion, it  came  very  little  Ihort  of  the  fame  Mark  as  it  had  come  to  in 
Water  after  fourteen  Vibrations ;  and  when  it  vibrated  twice  in  Mer- 
cury, it  came  to  the  fame  Place  it  had  done  after  between  26  and  28 
Vibrations  in  Water ;  and  this  it  did  exactly  feveral  times. 

Afterwards  filling  an  upright  Copper  Pipe  of  four  Inches  Diame- 
ter with  Mercury  to  the  Height  of  3  Foot  10  Inches,  and  fufpend- 
ing  the  golden  Ball  in  it  by  a  fhort  String  about  an  Inch  long,  fo 
as  to  have  the  Ball  juft  immerfed  under  the  middle  of  the  Surface  of 
the  Mercury  ;  I  caufed  it  to  be  let  down  fuddenly,  and  obferving  how 
long  it  was  falling  down  to  the  Bottom  of  the  Tube,  I  found  that 
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the  Experiment  was  difturbed  by  the  Ball's  ftriking  againft  the  Sides 
of  the  Tube,  which  retarded  the  Fall  of  the  Ball,  and  the  more  fo 
the  oftner  the  Ball  ftruck.  When  the  Ball  was  leaft  retarded,  it  was 
only  2  \  Seconds  in  falling,  which  muft  be  taken  as  the  true  Time 
of  the  Fall  of  the  Ball  in  a  Height  of  Quickfilver  ecjual  to  3  Foot 
10  Inches;  becaufe  when  I  tryed  the  Experiiiient  again  at  home  the 
firft  Day  of  April  following,  the  Ball  fell  in  the  Mercury  once  or 
twice  without  ftriking  the  fides  of  the  Tube  at  all,  but  not  in  lefs 
time  than  2  \  Seconds. 

I  alfo  repeated  the  other  Experiments  at  Home,  making  the  Gold- 
en Pendulum  39,2  Inches  long,  fo  as  to  make  it  vibrate  but  once  in  a 
Second,  and  then  I  found  that  it  would  vibrate  5  or  6  times  in  the  Mer- 
cury before  the  Vibrations  became  fo  fmall  as  not  to  be  obfervcd  ; 
and  then  the  firft  Vibration  in  the  Mercury  ended  very  near  where 
the  14th  in  Water  had  done  ;  the  fecond  in  Mercury  ended  where  the 
27th  in  Water  had  done,  and  obferving  the  third  Vibration  in  Mer- 
cury, it  ended  exactly  at  the  Mark  where  the  40th  in  Water  ended  5 
and  this  was  obferved  by  feveral  Perfons  as  well  as  myfelf. 

Then  I  weighed  14  Penny- weight  of  the  Mercury  (in  which  I  made 
the  Experiments )  firft  in  the  Air,  then  in  Water,  where  it  loft  only- 
one  Penny-weight  and  one  Grain  of  its  Weight  -,  that  is,  it  weighed 
in  Air  336  Grains,  and  in  Water  311,  fo  that  its  fpecifick  Gravity 
was  to  that  of  Water  as  13,44  to  i. 

As  to  the  golden  Ball  which  had  Varnifh  and  Cenient  upon  it  to 
keep  the  Mercury  from  fmking  into  it,  I  found  it  to  weigh  as  fol- 
lows. 

Ounces  dwt.  gr. 
It  weighed  in  Mercury     i     00     18  or    498  gr. 
in  Water     5     01     00  or  2424  gr. 
in  Air         5     07     09  or  2577  gr. 

I  took  the  Wire  and  Pendulum  of  a  long  Pendulum  Clock,  and 
having  fattened  the  golden  Ball  at  the  end  of  the  Wire  under  the  pen- 
dulous Weight  that  ferved  for  the  Clock,  in  order  to  make  the  Vi- 
brations of  the  golden  Ball  in  the  Mercury  continue  longer,  I  did 
not  find  ic  to  keep  on  the  Motion  above  one  Swing  or  two  the  long- 
er for  that  Help  ;  neither  did  a  round  Ball  of  Lead  placed  upon  the 
faid  Wire,  juft  above  the  Surface  of  the  Mercury,  help  any  more  ; 
A  Propofition   and  ?.s  I  found  fome  Inconveniences  in  thefe  two  laft  ways  of  making 
^y:r/Z^^ Balance,  the  Experiment,  I  rather  chufe  to  rely  upon  thofe  made  with  the 
Ijlf^Mec'^^^  Ball  hanging  by  a  filken  Thread  0^39,2  Inches  long,  mea- 

nicii/  JVriten,  luring  from  the  Point  of  Sufpenfion  to  the  Center  of  the  Ball, 

explained  and 

cmfirmed  by        <Theor.  VI.  A  B  IS  a  Balance,  on  which  is  fuppofed  to  hang  at  one 

S^XXr*  ^^^  ^  ^''^  ^^^^^  ^  ^^^'^  ^  ^^"  ^"  ^^'  ^^^  ^^  counterpoifed  by  the 
N^407/,i28.  Weight  W  hanging  at  A,  the  other  End  of  the  Balance.  I  fay. 
Fig.  130.  that 
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that  if  fuch  a  Man,  with  a  Cane  or  any  rigid  ftreight  Body,  puflies 
upwards  againft  the  Beam  any  where  between  the  Points  C  and  B 
{ provided  he  does  not  pufh  diredlly  againft  B )  he  will  thereby 
make  himfelf  heavier,  or  over-poife  the  Weight  W,  though  the  Stop 
GG  hinders  the  Scale  E  from  being  thruft  outwards  n*om  C  to- 
wards G  G.  I  fay  likewife,  that  if  the  Scale  and  Man  fhould  hang 
from  D,  the  Man  by  pulhing  upwards  againft  B,  or  any  where  be- 
tween B  and  D  ( provided  he  does  not  pufli  direftly  againft  D ) 
will  make  himfelf  lighter,  or  be  over-poifed  by  the  Weight  W, 
which  did  before  only  counterpoife  ihe  Weight  of  his  Body  and 
the  Scale.  / 

If  the  common  Center  of  Gravity  of  the  Scale  E,  and  the  Man 
fuppofed  to  ftand  in  it  be  at  k,  ana  the  Man  by  thrufting  againft 
any  Part  of  the  Beam,  caufc  the  Scale  to  move  outwards  fo  as  to 
carry  the  faid  common  Center  of  Gravity  to  kx,  then  inftead  of 
B  E,  L 1  will  become  the  Line  of  Direftion  of  the  compound 
Weight,  whofe  Aftion  will  be  encreafed  in  the  Ratio  of  L  C  to  B  C. 
This  is  what  has  been  explained  by  feveral  Writers  of  Mcchanicks  -, 
but  no  one,  that  I  know  of,  has  confidered  the  Cafe  when  the  Scale 
is  kept  from  flying  out,  as  here  by  the  Poft  G  G,  which  keeps  it 
in  its  Place,  as  if  the  Strings  of  the  Scale  were  become  inflexible. 
Now  to  explain  this  Cafe,  let  us  fuppofe  the  Length  B  D  o0ialf 
of  the  Brachium  B  C  to  be  equal  to  3  Feet,  the  Line  B  E 
to  4  Feet,  the  Line  E  D  of  5  Feet  to  be  the  Direftion  in  which 
the  Man  puflies,'  D  F  and  F  E  to  be  refpeftively  equal  and  parallel 
to  B  E  and  B  D,  and  the  whole  or  abfolute  Force  with  which  the 
Man  pufties,  equal  to  (ox  able  to  raife  )  10  Stone.  Let  the  oblique 
Force  ED  (=  10  Scofte)  be  refolved  into  the  two  EF  and  E  B, 
( or  its  Equal  F  D )  whofe  Direftions  are  at  right  Angles  to  each  o- 
ther,  and  whofe  refpeftive  Quantities  ( or  Intcnfities )  areas  6  and 
8,  becaufe  EF  and  BE  are  in  that  Proportion  to  each  other,  and 
to  ED.  Nowfince  EF  is  parallel  to  BDCA,  the  Beam,  it  does 
no  way  affefl:  the  Beam  to  move  it  upwards  ;  and  therefore  there  is 
only  the  Force  reprefentcd  by  F  D,  or  8  Stone  to  pufh  the  Beam  up- 
wards at  D.  For  the  fame  Reafon,  and  becaufe  Adtion  and  Re- 
aftion  are  equal,  the  Scale  will  be  pufhed  down  at  E  with  the  Force 
of  8  Stone  alfo.  Now  fince  the  Force  at  E  pulls  the  Beam  perpen- 
dicularly downwards  from  the  Point  B,  diftant  from  C  the  whole 
Length  of  the  Brachium  B  C,  its  Aftion  downwards  will  not  be  di- 

minifhed,  but  may  be  expreflidby  bxBC:  Whereas  the  Aftion  up- 
wards againft  D'will  behalf  loft,  by  reafon  of  the  diminiftied  Dif- 

tance  from  the  Center,  and  is  only  to  be  exprefled  by  8  x  — ;  and 

2 

when  the  Aftion  upwards  to  raife  the  Beam  is  fubftrafted  from  the 

Aftion 
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A£tion  downwards  to  deprefs  it,  there  will  ftill  remain  4  Stone  to 

pufti  down  the  Scale  •,  becaufe   SxBC —  ^  ^  —  =:  4 B C.    Confc- 

2 

•  tjuently  a  Weight  of  4  Stone  muft  be  added  at  the  End  A  to  re- 
ftore  the  Equilibrium.     Therefore  a  Man^  &c.  pujloing  upwards  un- 
der the  Beam  betzveen  B  and  D,  becomes  heavier.  Q^  E.  D.     On  the 
contrary,  if  the. Scale  {hould  hang  at  F  from  the  Point  D,  only  3 
Feet  from  the  Center  of  Motion  C,  and  a  Poft  g  g  hinders  the  Scale 
from  being  puflied  inwards  towards  C,  then  if  a  Man  in  this  Scale 
F  puflies  obliquely  againft  B  with  the  oblique  Force  above-mention- 
ed ;  the  whole  Force,  for  the  Reafons  before  given  ( in  refolving  the 
oblique  Force  into  two  others  afting  in  Lines    perpendicular    to 
each  other  )  will  be  reduced  to  8  Scone,  which  pufhes  the  Beam  di- 
reftly  upwards  at  B,  while  the  fame  Force  of  8  Stone  draws  it  di- 
reftly  down  at  D  towards  F.  But  as  CD  is  only  equal  to  half  of  CB, 
the  Force  at  D  compared  with   that  at  B,    lofes  half  its  Aftion, 
and  therefore  can  only  take  off  the  Force  of  4  Stone  from  the  Pufti 
upwards  at  B  ;   and  confequently  the  Weight  W  at  A  will  pre- 
ponderate, unlefs  an  additional  Weight  of  4  Stone  be  hanged  at  B. 
^hfmfore  a  Marty  &c.  piflAng  upwards  under  the  Beam  between  B  and 
D  vecomes  lighter. 

Schol.  I.  Hence  knowing  the  abfolute  Force  of  the  Man  that 
pufties  upwards,  ( that  is,  the  whole  oblique  Force )  the  Place  of  the 
iPoint  ot  Trufion  D,  and  the  Angle  made  by  the  Diredtion  of  the 
Force  with  a  Perpendicular  to  the  Beam  at  the  fame  Point,  we  may 
have  a  general  Rule  to  know  what  Force  is  added  to  the  End  of  the 
Beam  B  in  any  Inclination  of  the  Diredlion  of  the  Force  or  Place  of 
the  Point  D. 

Rule  for  the firji  Cafe.  Firfl:  find  the  perpendicular  Force,  by 
the  following  Analogy,  whofe  Demonftration  is  known  to  all  that 
underftand  the  Application  of  oblique  Forces. 

As  the  Radius  : 

To  the  right  Sine  of  the  Angle  of  Inclination :  : 

So  is  the  oblique  Force  : 

To  the  perpendicular  Force. 
Then  the  perpendicular  Force  multiplied  into  the  Length  of  the 
Brachium  B  C,  minus  the  faid  Force  multiplied  into  the  Diftance 
D  C,  will  give  the  Value  of  the  additional  Force  at  B,  or  of  the 
Weight  required  to  reftore  the  -ffilquilibrium  at  A. 

Or  to  exprefs  it  in  the  Algebraical  Way.  Let  o  f  cxprefs  the 
oblique  Force,  pf  the  perpendicular  Force,  and  x  the  Force  re- 
quired, or  V^luc  of  the  additional  Weight  at  A  to  reftore  the  -flEqui- 
librium, 

DE: 
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DE  :  DF  \\  of  :  pf 

pfxBC   —  pf  X  DK^  =  x 
The  fame  Rule  will  ferve  for  the  fecond  Cafe,  if  the  Quantity  found 
be  made  Negative,  and  the  additional  Weight  fufpendcd  at  B.     Or 
having  found  the  Value  of  the  Perpendicular  Force,  the  Equation 

will  ftand  thus  — pf  x  B  C  -l^p/  x  D  C  :=  —  ;v,  and  confequently 
the  additional  Weight  muft  be  hanged  at  B  ;  becaufe  —  ^^  at  A  is  the 
fame  a^  +  ;?  at  B. 

Schol.  II.  Hence  it  follows  alfo,  that  if,  in  the  firft  Cafe,  the  Point 
of  Trufion  be  taken  at  C,  the  Force  at  B,  (  or  Force  whofe  Value 
is  required )  will  be  the  whole  Perpendicular  Force  ;  becaufe  C  D  is 
equal  to  nothing :  And  if  the  Point  D  be  taken  beyond  C  towards 
A :  The  Perpendicular  Force  pufhing  upwards  at  that  Point,  mul- 
tiplied  into  D  C,  muft  be  added  to  the  fame  Force  multiplied  into 

BC,  that  is  pf  x  BC4-;^/  x  DC=ix. 

The  Machine  I  made  ufe  of  to  prove  this  Experiment  ally  yWas  as  follows.  ^'8-  ^17* 

The  Brafs  Balance  A  B  is  1 2  Inches  long,  moveable  upon  the 
Center  C,  with  a  Perpendicular  Piece  B  b  hanging  at  the  End  B, 
and  moveable  about  a  Pin  at  B,  and  ftopped  at  its  lower  End  b  (by 
the  upright  Plate  G  G  )  from  being  thruft  out  of  the  Perpendicular 
by  the  pufhing  Pipe  F  E,  whofe  lower  Point  being  put  into  a  little 
Hole  at  H,  the  upper  Wire  or  Point  ( when  put  into  another  little 
Hole  under  the  Beam  at  D  )  is  by  Means  of  the  Worm-fpring  E  F 
preffing  againft  the  Plug  E  to  drive  forwards  the  faid  WirehD, 
made  to  pufh  the  faid  Beam  upwards  with  the  Force  of  the  Spring. 
TSS  is  a  Stand,  to  which  is  fixed  the  Pillar  T  C  that  fuftains  the 
Balance  ;  and  it  has  alfo  a  Slit  S  S  to  receive  a  Shank  of  the  moveable 
Plate  G  G,  to  be  fixed  in  any  Part  of^the  Slit  by  a  Screw  underneath. 

Experiment.  Hang  on  B  b,  as  in  the  Figure.  Then  let  E  F  be 
fo  applied  to  the  Hole  H,  that  its  upper  Wire  hDk  may  go  through 
a  little  Loop  at  D  fo  as  not  to  thruft  the  Beam  upwards,  but  be  in 
the  fame  Pofition  as  if  it  did,  that  by  hanging  on  the  Weight  W,  the 
Brachium  B  C  with  B  b  and  F  E  may  be  countcrpoifed  ;  and  then 
the  Adlioo  againft  D  and  H  may  be  eftimated  without  the  Weight 
of  the  pufhing  Pipe. 

Then  drawing  down  the  End  of  the  Wire  k,  thruft  it  into  the 
little  Hole  under  D,  and  B  will  be  fo  pulled  downwards  as  to  require 
the  additional  Weight  of  4  Ounces  to  be  hung  on  at  A  to  reftore 
the  Equilibrium,  when  B  H  is  4  Inches,  B  D  3  Inches,  and  the 
whole  Force  of  the  Spring  equal  to  10  Ounces. 

I  need  not  here  fay,  that  for  explaining  the  fecond  Cafe,  B  b  is 
to  be  fufpended  at  D,  with  the  Plate  G  G  fixed  to  ftop  it  at  the 
Place  M  to  keep  it  from  being  pufhcd  towards  T,  and  that  the  up- 
per End  of  GF£Dk  muft  pufh  into  an  Hole  made  under  B,  in 

which 
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which  Cafe  the  Weight  B  muft  be  hanged  at  B  to  reftore  the  Equi- 
librium. 

P.  S.  To  fhew  experimentally  that  the  Force  which  the  Spring 
exerts  in  this  oblique  Trufion  is  equal  to  lo  Ounces :  Take  the  Beam 
A  B,  which  weighs  4  Ounces,  from  its  Pedeftal  C  T,  and  having 
fufpended  at  each  End,  A  and  B  3  Ounces,  fupport  it  under  its 
Center  of  Gravity  by  the  pufhing  Pipe  E  F  fet  upright  under  it, 
and  you  will  find  that  the  Beam  with  the  two  Weights  will  thruft 
in  the  Wire  k  h  as  far  as  h,  the  Place  to  which  the  oblique  Trufion 
drives  it.        ^ 

Jn  Expert'  ^^^P-  VII.  If  ,the  two  Weights  P,  W,  hang  at  the  Ends  of  the 
ment  explain-  Balance  A  B,  whofe  Center  of  Motion  is  C  ;  thofe  Weights  will 
ing  a  fnecha-  aft  againft  each  other  ( becaufe  their  Direftions  are  contrary  )  with 
«ir/»/?jr^iiyr,  ^pxz^^  made  up  of  the  Quantity  of  Matter  in  each  multiplied  by  its 
\fe(maiwlight  Velocity  -,  that  is,  by  the  Velocity  which  the  Motion  of  the  Balance 
fufpended  on  a  turning  about  C  will  give  to  the  Body  fufpended  Now  the  Velocity 
certain  fori  of  of  a  heavy  B.ody  is  its  perpendicular  Afcent  or  Defcent,  as  will 
Balance  do  not  appear  by  moving  the  Balance  into  the  Pofition  a  b ;  which  (hews 
qMMum.  by  the  Velocity  of  P  to  be  the  perpendicular  Line  ea,  and  the  Velo- 
keing  removed  city  of  5  will  be  the  perpendicular  Line  b  g  :  For  if  the  Weights 
one  farther  P  and  W  are  equal,  and  alfo  the  Lines  ea  and  bg,  their  Mo^ 
from,  the  o-  p^gfifa  made  up  of  e  a  multiplied  into  W,  and  b  g  multiplied  into 
)h7center.%  P'  ^^^^  be  equal,  as  will  appear  by  their  deftroying  one  another  in 
the  fame.  N^  making  an  Equilibrium.  But  it  the  Body  W  was  removed  to  M, 
419- A  125.  and  fufpended  at  the  Point  D,  then  its  Velocity  being  only  fd,  it 
Fig.  138.  would  be  over-balanced  by  the  Body  P  ;  becaufe  f  d  multipled  in- 
into  M,  would  produce  a  lefs  Momentum  than  P  multiplied  in- 
to b  g. 

As  the  Arcs  A  a,  B  b,  and  D  d  defcribed  by  the  Ends  of  the 
Balance  or  Points  of  Sufpenfion  are  proportionable  to  their  Sines  e  a, 
g  b,  and  d  f,  as  alfo  the  Radii  or  Diftances  C  A,  C  B,  and  CD; 
in  the  Cafe  of  this  common  fort  of  Balance,  the  Arcs  defcribed  by 
the  Weights,  or  their  Points  of  Sufpenfion,  or  the  Diftances  from 
the  Center  may  be  taken  for  Velocities  of  the  Weights  hanging  at 
A,  B,  or  D  -,  and  therefore  the  afting  Force  of  the  Weights  will 
be  reciprocally  as  their  Diftances  from  the  Center. 

Scholium.  1  he  Diftances  from^the  Center  are  taken  here  for  the 
Velocities  of  the  Bodies,  only  b*ecaufe  they  are  proportionable  to 
the  Lines  e  a,  b  g,  and  f  d,  which  are  the  true  Velocities.  For 
there  are  a  great  many  Cafes  wherein  the  Velocities  are  neither 
proportionable  to  the  Diftances  from  the  Center  of  Motion  of  a 
Machine,  nor  to  the  Arcs  defcribed  by  the  Weights  or  their  Points 
of  Sufpenfion,  Therefore  it  is  not  a  general  Rule,  that  Weights 
aft  in  Proportion  to  their  Diftances  from  the  Center  of  Motion  ; 
.  but  a  Corollary  of  the  general  Rule,  that  Weights  aft  in  Propor- 
tion 
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tion  to  their  true  Velocities,  which  is  only  true  in  feme  Cafes. 
Therefore  we  muft  not  take  this  Cafe  as  a  rrinciple,  which  moft 
Workmen  do,  and  all  thofe  People  who  make  Attempts  to  find 
the  perpetual  Motion,  as  I  have  more  amply  fliewn  in  the  Philofo- 
phical  Tranfa^tojiSj  N^  369. 

But  to  make  this  evident  even  in  the  Balance,  we  need  only  take 
Notice  of  the  following  Experiment.  ACBEKD  is  a  Balance  in 
the  Form  of  a  Parallelogram  pafling  through  a  Sh't  in  the  upright 
Piece  N  O  (landing  on  the  Pedeftal  M,  fo  as  to  be  moveable  upon 
the  Center  Pins  C  and'  K.  To  the  upright  Pieces '  A  D  and  B  E 
of  this  Balance  arc  fixed  at  right  Angles,  the  horizontal  Pieces 
F  G  and  H  I.  That  the  equal  Weights  P,  W,  muft  keep  each  o- 
ther  in  ^quilibrio^  is  evident ;  but  it  does  not  at  firft  appear  fo 
plainly,  that  if  W  be  removed  to  V,  being  fufpended  at  6,  yet  it 
fliall  (till  keep  P  in  JEquilibrio  ;  though  the  Experiment  fliews  it. 
Nay,  if  W  be  fucceffively  moved  to  any  of  the  Points  i,  t,  3,  E, 
4,  5,  or  6,  the  JEquUbrium  will  be  continued;  or  if,  Whanging 
at  any  of  thofe  Points,  P  be  fucceffively  moved  to  D,  or  any  of  die 
Points  of  Sufpenfion  on  the  crofs  Piece  F  G,  P  will  at  any  of  thofe 
Places  make  zn  jEquilihrium  with  W.  Now  when  the  Weights  are 
at*Pand  V,  if  the  Icaft  Weight  that  is  capable  to  overcome  the  Fri- 
ftion  at  the  Poihts- of. Sufpenfion,  C  and  K  be  added  to  V,  as  u,  the 
Weight  V  will'  ovei-power,  and  that  as  much  at  V  as  if  it  was  at  W. 

From  what  we  have  faid  above,  the  Reafon  of  this  Experiment 
will  be  very  plain. 

•As-  the.  Lines  AC  and  KD,  CB  and  KE  always  continue  of 
the  fame  Length  in  any  Pofition  of  the  Machine,  the  Pieces  A  D 
and  BE  will  always  continue  parallel  to  one  another,  and  perpen- 
diculat  to  the  Horizon  •  However,  the  whole  Machine  turns  upon 
the  Points  C  and  K  ;  as  appears  by  bringing  the  Balance  to  any  o- 
thcr  Pofition,  as  abed:  And  therefore  as  the  Weights  applied  to 
any  Part  of  the  Pieces  F  G  and  H  I  can  only  bring  down  the 
Pieces  A  D  and  B  E  perpendicularly,  in  the  fame  Manner  as  if 
they  were  applied  to  the  Hooks  D  and  E,  or  to  X  and  Y,  the 
Centers  of  Gravity  of  A  D  and  BE;  the  Force  of  the  Weights 
( if  their  Quantity  of  Matter  is  equal )  will  be  equal ;  becaufe  their 
Velocities  will  be  their  perpendicular  Afcent  or  Defcent,  which  will 
always  be  as  the  equal  Lines  4  1  and  4  L,  whatever  Part  of  the 
Pieces  F  G  and  H  I  the  Weights  are  applied  to.  But  if  to  the 
Weight  at  V  be  added  the  little  Weight  u,  thofe  two  Weights  will 
overpower,  becaufe  in  this  Cafe  the  Momentum  is  made  up  of  the 
Sum  of  V  and  u  multiplied  by  the  common  Velocity  4  L. 

Hence  follows,  that  it  is  not  the  Diftance  c  6  multiplied  into  the  • 

Weight  V,  which  makes  its  Momentum  ;  but  its  perpendicular  Velo- 
city L  4  multiplied  into  its  Mafs.  Q^£.  D. 

S  s  Thk 
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This  is  ftill  further  evident,  by  taking  out  the  Pin  at  K ;  fop 
then  the  Weight  P  will  over-balance  the  other  Weight  at  V,  bc- 
caufe  then  their  perpendicular  Afcent  and  Dcfcent  will  not  be 
equal. 

Ohjervations        VIII.  When  great  Weights  are  to  be  raifed  from  a  great  Depth,  and 
on  the  Crnne,  laid  on  Carriages  very  near  the  Precipice,  as  at  the  Edge  of  a  Stone 
vith  Improve-  Quarry,  the  Crane  muft  be  a  fixed  one,  and  only  the  Gibbet  move- 
f^^'^N^o '^^  able,  from  which  the  Weight- hangs.     Here,  in  the  common  Way, 
P^iQA    '^'^''the  Rope  Rrr,  or  Chain,  which  runs  over  the  Gibbet,  goes  bc- 
fig.  140.       tween  two  PuHies  P,  Q,  fixed  within  the  upper  horizontal  Beam  of 
the  Crane  A  QT  X,  above  the  Axis  of  the  Gibbet  B  G  V,  fo  as 
to  be  carried   eafily  to  the  Right  or  Left  Hand,   from  W  to  w, 
when  the  Gibbet  turns  upon  its  Axis  to  bring  the  Burthen  over  the 
Carriage  defign'd  to  receive  it.     For  this  Purpofe  a  fmall  Rope, 
called  the  Guide-Rope,  is  fattened  to  the  Weight,  or  to  the  upper  Pare 
of  the  Gibbet  near  its  Extremity,  g,    which  a  Man  b  to  pull  to 
bring  the  Weight  over  the  Place,    to  which  it  muft  be  lowered. 
Now  in  performing  this,  the  main  Rope  or  Chain  not  continuing 
parallel  to  the  Arm  of  the  Gibbet,  gives  the  Weight  a  Tendency  to- 
wards that  Side  to  which  it  deviates,  and  that  foretimes  fo  fuddenly^ 
that  without  Care,  and  much  Force  applied,  if  the  Weight  be  very 
great,  the  Burthen  will  fwing  to  or  from  the  Carriage,  fo  as  to  break 
every  thing  in  its  Way.      Sometimes   a   horizontal  Piece,    likp  a 
Handfpike,  is  fixed  in  the  upright  Shaft  of  the  Gibbet  a  little  a- 
bove  B,  to  turn  it  by  ;  but  in  that  Cafe  too  the  Force  is  unequal, 
as  the  Weight  is  carried  round  >  fo  that  the  Lives  of  the  Me^  rfiat 
are  loading,    often  depend  upon  the  Care  of  the  Man  who  guides 
the  Weight,  by  either  of  the  Means  above-mentioned. 

N.  B.  No  Situation  of  the  PuUies  can  prevent  this ;  and  wc  find 
Accidents  to  happen  every  Day,  as  will  appear  by  the  Examina- 
tion of  Fig.  142. 

But  if  upon  the  Axis  of  the  Gibbet  there  be  fixed  an  Iron  Wheel, 
y,  with  many  Teeth,  to  be  carried  round  by  a  Pinion,  u,  of  a  few 
Leaves,  upon  the  End  of  whofe  Axis  is  faftened  a  Wheel,  x,  with 
Arms  ( tliat  Axis  going  through  the  perpendicular  Piece  TZ  be- 
hind the  Shaft  of  the  Gibbet)  a  Man  ftanding  at  that  Wheel  is  out 
of  Harm's  Way,  and  has  fuch  an  Advantage  of  Power  as  to  hold 
the  Weight  fteady  in  any  Place  required,  notwithftanding  its  Ten- 
dency to  fwijig,  as  mentioned  above,  which  is  not  felt  at  the  Ends 
of  the  Arras  of  this  laft  Wheel.  The  firft  who  made  Ufc  of  this 
^  Contrivance  is  Mr.  Ralph  Allen^  Poft-mafter  of  Batb^  at  his  Stone- 

Qiiarry,    where  the  Weight  raifed  is  4  or  5,  and  fometimes  6  or 
7  Ton. 

I  need  not  fay  that  the  Power  to  bring  up  the  Weight  works  here 
by  Means  of  a  Capftane,  or  upright  Shaft,  R  O,  drawn  round  by 
Horfcs,  that  the  Weight  may  come  up  more  expcditioufly,  though  in 
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the  Figure  the  Handfpikes,  f,  e,  b,  going  in  at  fuch  a  Hole  as  d, 
Ihew  that  Men  may  work  it  upon  Occafion. 

The  fame  Gentleman  having  laid  his  Stone  on  Waggons  of  a  pecu- 
liar Make,  caufes  it  to  run  down  Hill  about  a  Mile  and  a  half,  on 
a  wooden  Waggon-way  to  the  River-fide,  where  he  has  a  Wharf,  and 
there  by  another  Crane  exaftly  fuited  to  the  Work,  he  takes  the 
Stone  from  the  Carriages,  and  with  great  Expedition  lets  it  down  in- 
to the  Barges  or  Veffels  that  come  to  fetch  it. 

This  Crane  is  of  the  Sort  which  is  commonly  called  a  Rat*s-Tail  Fig.  146. 
Crane,  moving  round  a  ftrong  Poft  like  a  Wind-mill,  fo  that  it  may 
turn  quite  round  with  all  its  Load.  The  Axel  B  b,  on  which  the 
Rope  winds,  is  here  horizonul  like  a  Winch  ;  but  to  gain  Strength, 
inftead  of  the  walking  Wheel  C  A,  it  is  carried  round  by  a  ftrong  p- 
Wheel  and  Pinion,  or  is  in  Effedl  a  double  Axis  in  Peritrochio.  Now  ,45.  ^* 
in  the  common  Cranes  of  this  Kind,  there  is  only  a  Catch  fas  EK  A,)  Fig.  144; 
to  hold  the  Burthen  at  the  Height  it  is  brought  up  to,  whilft  the 
Crane  is  turned  round  in  order  to  have  the  Weight  lowered  into  the 
Veffels,  which  is  done  by  lifting  up  the  Catch,  and  being  ready  to 
let  it  down  again  as  Need  requires.  Sometimes  a  half  Circumfe- 
rence of  Wood  ( D 1 1 B, )  is  held  hard  againft  a  wooden  Wheel 
W  w,  on  the  Axel,  .  to  regulate  and  govern  the  Defcent  of  the 
Weight.  But  as  in  either  ofthefe  Cafes,  if  the  Man  at  the  Crane 
is  carelefs,  very  bad  Accidents  happen.  Mr.  Padmore^  Mr.  Allen*^ 
chief  Work-man,  has  made  fuch  a  Contrivance,  that  the  Pall  or 
Lever  whereby  the  Axel  is  preffed  to  direft  the  defcending  Motion, 
does  fo  communicate  with  the  Catch,  that  in  Cafe  the  Man  that 
ought  to  manage  it,  fhould  carelefly  let  it  go,  the  Catch  always 
takes,  and  thereby  all  Accidents  are  prevented ;  as  will  be  fhewn  in 
the  Explanation  of  the  144th  and  145th  Figures. 

Where  Goods  are  to  be  raifed  high,  as  in  unloading  Veffels,  and 
alfo  to  be  let  down  deep,  as  in  loading  them  *,  ( that  is,  where  both 
the  former  Operations  are  to  be  performed )  if  the  Weights  do  not 
exceed  two  or  three  Ton,  and  many  Hands  are  not  to  be  had,  then 
an  endlefs  Screw  turned  by  an  Handle  at  each  End  (  in  an  oppofice 
Situation,  or  with  one  Handle  and  a  Balance  to  it )  leading  an  Axis 
in  Peritrochio,  or  as  it  is  commonly  called,  a  Worm  and  Wheel  ap- 
plied to  a  Crane,  with  a  Gibbet,  is  moft  ufeful :  For  the  Teeth  of 
the  Wheel  are  pulled  by  the  Weight  fo  direftly  againft  the  Thread 
of  the  Worm  in  its  Endeavour  to  dcfcend,  that  one  may  leave  the 
Handle  in  any  Pofition  where  it  will  ftop,  without  any  Catch,  or 
*  the  leaft  Danger  of  the  Weight  falling  back  again. 

But  then,  if  you  would  have  the  Weight  to  be  let  down,  to  de- 
fcend  pretty  quick,  which  cannot  be  performed  by  applying  the 
Hand  to  the  Handle,  which  goes  through  a  great  Space  in  Compari- 
fon  to  the  Space  defcribed  by  the  Weight  ( without  which  fufficient 
Force  would  be  wanting )  only  give  the  Handle  a  Swing,  and  if 
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the  Worm  be  well  oiled,  the  Handle  and  its  Courtterpoife,  or  the 
two  Handles,  will  perform  the  Office  of  a  Fly  in  the  common  Jack, 
turning  very  faft  round,  and  regulating  the  Motion  of  the  Weighty 
which  from  that  Impulfe  will  dcfcend  continually,  and  not  too  fall, 
like  the  Weight  of  a  Jack. 

The  Way  to  ftop  this  Motion  at  any  Time,  is  to  grafp  the  Axis 
of  the  Screv/  hard,  betwixt  the  Screw  and  the  Handle  in  its  round 
Part.  The  Hand  is  fufficient  to  do  it,  and  will  ftop  it  in  two  or 
three  Turns. 

The  worft  Cranes  are  thofe  where  Men  walk  in  a  large  Wheel,  by 
reafon  of  Accidents  that  happen  daily  on  account  of  the  (hort  Space 
between  a  Man*s  two  Feet.  This  may  be  prevented  by  ufing  four- 
footed  Animals,  the  Length  of  whofe  Bodies  makes  a  Bafe  of  fuffi- 
Fig.  146.        cient  Length  to  keep  the  Whedl  from  running  back. 

An  Explanation  of  the  Figures. 

Fig.  140.  Reprefenting  a  fixed  Grane  with  a  Gibbet  moving  on  an 
upright  Shaft  or  Axis. 

A  a  Q,  The  Roof  of  the  Crane  to  preferve  the  Rope  R  T  r  from 
the  Weather,  when  the  Arm  of  theXjibbet  V  Gg  beinjg  turned  to- 
wards Y  is  brought  under  it. 

A  T,  The  upper  Piece  of  the  Crane,  in  a  horizontal  Situation, 
called  the  Plate  of  the  Crane. 

X,  Y,  Z,  The  three  Crane  Pofts  braced  at  Top  and  Bottom. 

DS,  MN,  IE,  ThreeCills  within  the  Stone  Work,  braced  with 
Wood,  and  made  faft  with  an  upright  Plate  of  Iron  pinned  to  the 
Wood  on  each  Side. 

N.  B.  When  the  Crane  is  not  in  Stone  JVorky  the  three  Cills  mttjl  be 
all  in  one  Piece,  reaching  from  D  to  E. 

HI,  h E,  Are    the     Braces   of  the   main  Poft  of  the    Crane, 
^  which  come  up  above  the  Level  of  the  Wharf  L  w  B,  which  are 

longer  and  ftronger  than  the  others.     Here  a  cro6  Piece  whofe  Scdti- 
on  is  ( & )  keeps  the  main  Poft  from  twifting. 

R  O,  The  Capftane,  or  Shaft  of  the  Crane  to  receive  the  Rope 
or  Cham ;  which  Shaft  is  turned  here  by  Bars  or  Handfpikes,  fuch 
as  bd,  fd,  or  ed,  the  lower  Part  being  ftrengthened  with  Iron 
Hoops  above  and  below  the  Holes  at  d,  with  a  Pivot  or  Iron  Axis 
turning  in  a  Hole  in  a  Piece  whofe  Seftion  is  F. 

p  p.  Are  two  Pins,  which  hold  on  a  Collar  in  which  the  upper. 
Part  of  the  Shaft  turns. 

C  B,  The  Shaft  or  Axel  of  the  Gibbet  with  Pivots  and  Iron 
Hoops  at  Top  and  Bottom,  and  a  Wheel  of  Iron,  y,  having  Teeth 
perpendicular  to  its  Plane.  This  Wheel-  is  led  by  a  Pinion,  u, 
which  is  on  the  Axis  of  the  Wheel  x,  by  v/hofe  Arms  a  Man 
ftanding  at  H  may  bWng  about  the  End  of  the  Gibbet  g  with  "the 
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Ram-head  r,  and  the  Weight  hanging  at  it,  either  to  the  Right  or 
Left,  and  eafily  hold  the  Gibbet  in  any  Pofition. 

C  T  P  Q^  A  ftrong  Piece  or  Block  having  three  Pullies,  one  ver- 
tical, and  the  other  two  horizoncal,  that  the  Rope  may  run  over  the 
Firft  of  them,  and  between  the  two  others. 

Fig.  141.  Reprefents  a  horizoncal  Seftion  of  the  Crane  in  its  up-  Fig.  141. 
per  Part,  or  rather  a  View  of  it  from  the  Plane  of  the  Roof,  fup- 
pofing  the  Roof  taken  off. 

N.  B.  ^he  fame  Letters  mark  the  Parts  which  have  been  defcrihedin 
Figure  140. 

Fig.  1^1*  Shews  the  Inconveniencies  in  the  Motion  of  the  Gibbet,    p. 

LB  E  D,  Reprefents  Part  of  the  Wharf  next  the  Water,  or  Pre-    ^^'  '^^ 
cipice  of  a  Quarry. 

T  P  Q,  The  Block- Prece  which,  holds  the  three  Pullies,  expreffed 
by  the  fame  Letters  in  Fig.  140  and  141. 

sgr  G,  The  Arm  of  the  Gibbet  reprefented  by  Vg,  Fig.  140. 

T,  The  vertical  Pulley. 

P,  Q^  The  horizontal  Pullies,  reprefented  in  another  Situation 
by  p,  q,  when  their  Centers  from  m,  y,  are  brought  to  n  and  t. 

C,  Is  a  Point  direftly  over  the  Pivot  of  tlie  Shaft,  or  Axel  of  the  * 
Gibbet. 

C  I,  C  2,  C  3.  C  4,  C  5,  Reprefents  a  Line  over  the  Arm  of  the 
Gibber,  or  rather  a  Plane  going  through  the  Middle  of  it,  in  feveral 
of  its  Situations,  when  turned  towards  the  right  Hand,  from  its  dl- 
reft  Pofition  C  r. 

C6,  C7,  C8,  Cc,  Reprefent  the  feveral  Situations  of  the  Gib- 
bet towards  the  Left,  the  laft  Pulley  r,  at  the  End  of  the  Gibbet, 
immediately  over  the  Weight  travcrfing  in  the  Circle,  5,  4,  3,  2, 
I,  6,  7,  8. 

When  the  Gibbet  is  in  the  Pofition  c  g,  the  Rope  runs  direflly 
over  the  Middle  of  its  Arm,  therefore. the  lead  Force  applied  to  r 
or  r,  can  keep  in  its  Place  the  grcateft  Weight  that  can  be  drawn 
up  by  the  Crane,  when  fufpendcd  to  the  Ram-head.  If  the  Pul- 
lies are  at  p  and  q,  the  Gibbet  loaded  will  alfo  be  without  Labour 
retained  in  the  Pofition  C  2  on  the  Right,  and  C6  on  the  Left,  and 
with  no  great  Trouble  in  the  Pofition  C  r. 

But  if  the  Gibbet  be  brought  over  the  Wharf  at  4  on  the  Righr, 
or  at  8  on  the  Left,  the  Rope  will  no  longer  run  over  the  Middle 
of  the  Gibbet,  but  deviate  from  it,  fo  as  to  make  with  it  tlv3  An- 
gle q  4  t,  or  o  S  n,  and  raife  the  Weight  by  ,  the  Motion  of  the 
Gibbet  in  Proportion  as  the  Line  q  4,  or  o  8,  is  longer  than  t  4,  qs 
n  8  •,  and  therefore  the  Weight  will  tend  to  run  back  towards  g  ifi 
Proportion  to  the  Difference  of  thofc  Lii;es,  which  nniil:  gi\:c  a 
Twitch  to  the  Perfon  who  draws  from  r,  or  r  by  a  giiitlc  Rope. 

If  to  prevent  this  Inconvcniency  the  Pulley  at  q  be  rmiovcd  back 
to  Q2  then  indeed  ths  Rope  vvill  run  over  the  Line  C  .t,  or  t  4, 


-;  1 5        "  Axis  in  Peritrochto. 

*«  1;\R  Rope  is  that  which  raifes  the  Weight.  At  the  other  End  of  the 
'«  Axel  there  is  a  great  wooden  Wheel  like  a  Pully  H  H,  about 
*'  which  is  wound  a  long  Rope  N. 

'^  To  work  this  Engine,  one  muft  pull  the  long  Rope  N,  which 
«'  caufing  the  great  Wheel  to  turn,  does  alfo  carry  round  the  Axel 
*«  or  Barrel,  which  is  made  fad  to  it.  This  Axel,  as  it  turns  round, 
*«  cauies  the  Ropes  E  E  to  wind  about  it,  and  thereby  the  Axel 
*'  and  the  Wheel  rife,  wliiUl  the  Rope  E,  to  which  the  Weight  is 
*'  faftened,  doe«  alfo  wind  itfelf  up  upon  the  Axel  the  contrary 
'*  Way  ;  and  this  double  winding  up  of  the  Ropes  makes  both  the 
**  Burchen  and  the  Axel  and  Wheel  to  rife  at  the  fame  Time. 
<*  Now  it  i5  evident,  that  all  this  Rife  is  performed  without  the 
<•  Friction  of  any  Part,  and  confequently,  the  whole  Power  which 
*i*  draws  the  Rope  N,  is  employed  without  any  Hindrance  \  which 
*'  cannot  be  in  other  Engines. 

*'  It  may  be  objedled  that  the  Power  which  afts  at  N,  muft, 
««  btfides  the  Weight,  raife  alfo  the  Axel  and  great  Wheel,  and 
*'  that  their  Weight  is  one  of  thofe  Obftacles  which  Ariftotle  fays  all 
^^  Erigines  are  liable  to;  and  that  this  Obftacle  is  equivalent  to  the 
<«  Fridion  which  is  in  other  Organs.  But  it  may  be  anfwered, 
<'  That  Fridion  is  an  Obftacle  wholly  unavoidable  in  all  other  Or- 
*'  <^  gans ;   but  that  it  is  eafy  to  remedy  the  Obftacles  of  this,  which 

"  is  done  by  Means  of  the  heavy  BodyM,  taken  equal  in  Weight 
«'  to  the  great  Wheel  and  Axel,  which  it  fuftains  by  Means  of 
"  the  Rope  1 1,  which  running  over  the  PuUies  L  L,  is  fixed  to  the 
*'  Ring  or  Collar  K,  that  goes  round  the  Axel  F.  For  the  Axel 
«'  and  the  Wheel  being  counterpoifed  by  this  Weight,  the  Power 
**  which  ads  by  drawing  the  long  Rope  N,  ads  for  railing  the 
«'  Weight  only.  The  Experiment  which  was  made  with  this  En- 
*'  gine  has  confirmed  the  Truth  of  this  Problem,  by  comparing  its 
"  Effeds  with  thofe  of  a  Crane,  in  which  the  Proportion  of  the 
*«  Bignefs  of  the  Axel  to  the  Circumference  of  the  Wheel,  was 
**  the  fame  as  in  my  Machine :  For  it  happened  that  m  the  Crane, 
"  a  Weight  of  one  hanging  at  a  Rope  going  about  the  Wheel, 
'^  drew  up  a  V/eight  of  Seven,  when  it  had  one  half  added  to  it  to 
*«  make  it  preponderate,  or  give  Motion  to  the  Power :  And  when 
♦'  the  Weight  to  be  raifed,  and  the  Weight  which  ferved  as  a 
**  Pdwer,  were  proportionably  encreafed,  there  was  alfo  a  Neccf- 
*«  fity  to  encreafe  the  additional  Weight,  which  made  the  Power 
*«  preponderate,  in  the  fame  Proportion :  So  that  it  was  required  to 
*^  add  one  half  to  the  Power  when  the  Weight  was  Seven  5  the 
*«  Addition  to  the  Power  became  one  for  a  Fourteen  Pound  Weight, 
*'  Two  for  a  Twenty-eight  Pound,  Four  for  a  Fifty-fix  Pound, 
^«  and  fo  on  5  becaufe  the  Refiftance  from  Fridion  cncreafes  nearly 
*«  in  the  feme  Proportion  that  the  TVdghts  are  dccreafcd.  But  this 
*^  did  not  happen  to  my  Engine,  in  which  one  Quarter  was  always 
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"  fufficient  for  the  Draught  (or  to  make  the  Power  preponderate) 
"  not  only  when  the  Weight  was^cven,  but  alfo  when  it  was  Four- 
"  teen  Pound,  Twenty-eight  Pound,  Fifty-fix  Pound,>  6ff.  which 
'*  evidently  (hews,  that  this  Engine  afts  without  Friftion. " 

Thus  far  Monfieur  Perault,  But  however  plaufible  this  Defcripti- 
ott  may  appear,  a  little  Attention  will  flicw,  that  if  this  new  En- 
gine had  no  Friftion,  yet  it  is  more  inconvenient  than  ^t}  Axis  in 
Peritrocbio  with  the  fame  Proportions ;  and  likewifc  that  it  has  more 


Friftion  than  the  fame  Machine  in  the  common  Ufe.     ACE,  5s  a 
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common  Axis  in  Peritrochioy  which  has  the' Wheel  AE  five  times 
bigger  in  Diameter  than  the  Axel  5  fo  that  A  C,  the  Radius  of  the 
Wheel  ( which  is  the  Diftance  of  the  Power )  is  to  C  B  the  Radius 
of  the  Axel  ( the  Diftance  of  the  Weight )  as  5  to  i :  Confcquently 
One  (for  Example  one  Quncc,  as  in  our  Experiment j  will  keep 
five  in  ^quiiibrio.  Now,  though  the  Fridtion  of  the  Gudgeon  at  C 
is  unavoidable,  yet  it.  may  be,diminilhed  by  diminifhing  the  Diameter 
of  the  Gudgeon,  provided  it  remains  ftrong  enough  to  fuftain  the 
Machine  and  its  Burthen.  Here  one  Penny-weight,  or  \^  of  the 
Power,  added  to  it,,  makes  it  prepondcra^tc,  and  give  the  Machine 
Motion  with  a  due  Velocity. 

Now  this  very  Engine  made  ufe  of,  in  Monfieur  Perauh^s  Way, 
does  fo  alter  the  Diftances  of  the  Weight  and  Power,  that  inftead  of 
one  for  our  Power,  we  muft  have  two  isind  a  half  to  keep  the  very 
fame  Weight  Five,  in  ^quilibrio,  as  may  appear  by  Fig.  149.  Fig.  149, 
where,  fince  in  the  Aftion  of  the  Machine,  when  we  pull  the  Rope 
P  A,  we  niake  the  Axel  D  B  to  wind  itfelf  up  upon  the  Rope  H  D,  • 

it  is  evident  that  D  is  now  become  the  Center  of  Motion,  DB  (the 
whole  Thicknefs  of  the  Axis)  the  Diftance  of  the  Weight  =: 2  ;  and 
the  Djfta^ice  ^f  the  Power  is  reduced  to  A  D=.4,  So  that  If  two 
Men,  having  been  employed  in  the  common  Way  to  raife  Weights 
equal  to  the  Strength  of  ten  Men,  an  Engineer  (hould  alter  the 
Manner  of  working,  and  fit  up  the  Axis  in  Peritrocbio  in  Monfieur 
Perault\  Way,  inftead  of  gaining  an  Advantage,  he  nfiuft  call  in 
three  more  IVien  to  .perform  the  Work.  If  it  be  anfwered,.  that 
what  is  loft  in  Srrength,  will  be  gained  in  Time,  it  may  'not  only 
be  faid,  that  one  cannot  always  call  in  more  Help  on  the  fudden,  but 
that  even  then,  though  we  fhould  not  call  this  an  Inconveniency,  yet 
there  will  be  ftill  more  Friftion  in  this  than  in  the  common  Method  ; 
for  the  Roller  or  Axel  will  find  a  Difficulty  to  wind  on  the  Ropes, 
becaufc  they  are  not  perfedly  pliable,  and  the  lefs  fo,  the  greater  the 
Weight  is  that  ftretches  them.  This,  together  with.  theFridionofi 
th^  Collar  of  the  Rope  of  the  Counterpoife  to  the  Engine,  makes 
the  Hindrance  greater  than  in  the  common  Way.  •  For  it  appears 
by.,  Experiment,  that  when  the  Power  is  become  equal  to  2  \  to 
keep  the  Weight  5  in  iEquiJibrio,  there  muft  be  added  f  f  here  4 
Penny- weight )  to  put  the  Power  in  Motion. 

Vol.  VI.  T  t  And 
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Axis  in  Peritrochio. 

And  to  (hew  that  this  Fridibn-of  the  Ropes  is  not  always  the 
fame  as  Monfieur  PerauU  fuppofts  it ;  when  P  ( or  the  Power )  is 
made  only  one  Ounce,  and  W  (or  the  Weight;  two  Ounces,  then 
to  make  the  Power  preponderate,  only  2  Penny-weight  and  iS 
Grains  was  fufficient. 

N.B.  When  Pis  =  2i;  and  W  =  5,  the  additional  Weight 
marlced  f ,  was  4  Penny-weight  and  2  Grains. 

2.  In  every  Inclination  of  the  Plane,  if  th^ine  of  the  Angle  of 
Inclination  be  taken  in  Parrs  of  the  Radius  of  the  Axel,  or  Roller, 
the  Power  will  be  to  the  Weight : :  as  the  Radius  of  the  Roller  -t- 
the  Sine  of  Inclination,  to  the  Radius  of  the  Wheel  —  the  faid 
Sine  of  Inclination  5  that  is,  P  ( =  i )  :  W  ( =  3  )  : :  d  k :  a  k. 

In  the  prefent  Experiment  BE  is  an  inclined  Plane,  on  which  the 
Roller  C  is  to  roll  up,  touching  the  faid  Plane  at  the  Point  c  ;  ANf 
is  the  Wheel  behind  that  Plane,  another  fuch  Plane,  and  equally  in- 
clined, being  alfo  fuppofed,  behind  the  Wheel,  to  fopport  the  other 
End  of  the  Roller. 

The  Lines  of  Direftion  of  the  Power  and  We»ht  being  a  P  and 
d  W,  through  the  Point  of  Contaft,  or  Center  of  Motion,  c  draws 
A  D  parallel  to  the  Horizon,  and  perpendicular  to  a  P  and  d  W  j 
through  the  Center  of  the  Engine,  C  draws  a  d  parallel  to  A  D. 
SuppSfe  the  Angle  B  c  A  of  the  IMane*s  Inclination  to  be  30*,  the 
righi  Sine  will  then  be  equal  to  half  the  Radius  ;  therefore  dividing^ 
C  2  (the  Radius  of  the  Roller  )  into  two  equal  Parts  at  k,  if  you 
draw  k  c  and  C  c,  the  Angle  k  c  C^will  be  equal  to  B  c  A,  and 
its  Sine  will  be  C  k.  Now  fince  it  is  evidently  the  latne  thing  to 
make  ufe  of  a  d  for  a  Lever,  whofe  Center  of  Motion  is  at  k,  as 
of  A  D  equal  and  parallel  to  it  with  i»  Center  of  Motion  at  e  -,  ic 
follows  that  in  this  Inclination  of  the  Plane,  the  Diftance  of  the 
Weight. d  k  is  greater  than  d C  (the  Diftance  of  the  Weight  m 
the  common  Ufe  of  this  Engine  }  by  the  Addition  of  rfie  Quantity 
C  k,  the  Sine  of  the  Angle  of  Inclination ;  and  k  a,  the  Diftance 
of  the  Power  is  lefs  than  Ca  (the  Diftance  of  the  Power  in  the 
common  Way  )  by  the  Subtraftion  of  the  faid  Quantity  or  Sine 
C  k :  Confequently  that  on  an  inclined  Plane,  the  P6wer  is  to  the 
Weight : :  as  Dc  :  to  c  A.     Q^E.  D. 

Hence  it  follows,  that  the  Radius  of  the  Wheel,  and  the  Radius 
of  the  Roller  being  given,  the  Lofs  of  Power  may  be  found  in  any 
Inclination  of  the  Plane.  Thus,  as  here,  the  Power^  which  in  the 
common  Way  would  be  but  f  of  the  Weight,  muft  bef  Part  of  irr 
So  if  the  Angle  of  the  Plane's  Inclination  was  but  11^  32*  the  Power 
would  be  %  of  the  Weight,  Csfr. 

Hence  follows  alfo,  that  if  the  Plane  B  E  be  Horizontal,  no 
Force  of  the  Power  will  be  loft,  becaufe  cg:cf::CG:CF. 
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As  the  Friftion  of  the  winding  of  the  Ropes,  fuch  as  B  c  in  the  SMim. 
new  Way,  is  greater  than  theFriftion  of  the  Pivot  io  the  old 
Way,  ( befides  the  Friftion  of  the  Collars  of  the  Counterpoife  to 
the  Engine)  fo  that  Friftion  diminifties,  as  the  Ropes  bear  left 
Weight,  according  to  the  Diminution  of  the  Angle  of  the  Plane  ; 
and  when  the  Plane  is  horizontal,  and  without  a  Counterpoife,  even 
then  the  windir^  up  of  the  Ropes,  and  Preflbre  of  the  Roller  againft 
the  Plane,  is  equal  to  the  Friftion  in  the  common  Way. 

N.  B.  The  Experiment  is  made  here  with  Pivots  twelve  times  lefi 
in  Diameter  than  the  Roller,  and  fine  pliable  Silk,  inftead  of 
Ropes. 

X.  The  Machine  conlifts  of  three  Pullies  ( two  upper  and  one  AnExperimnt 
lower,  or  a  Tackle  of  three )  whofe  Diameters  are  exaftly  as  fof-  ^^J^.^,^  ^ 
lows,  2  Inches,  i  \  Inch,  i  \  Inch;  and  all  the  Center  Pins  of^^^j^^^^f^ 
5  Inch  Diameter :  The  Rope  being  of  f  o  Inch  in  Diameter.  Parts  in  a 

The  Weight  is  18  Pounds  Averdupoisy  and  confequently  the  Power  C^^nd  Sn^ 
to  keep  it  in  jEquilibrio  muft  be  =  6  fc,  and  a  very  little  more  muft  S^y*  T^ca 
HKike  the  Power  raife  the  Weight,  if  there  was  no  Friftion  ;  but  here  ^J^^^/iJl  ^f^' 
no  lefs  than  20  Ounces  are  required,  though  the  Machine  is  as  nicely  dfawingclf- 
made  as  it  can  poflibly  be.  ftquenasfnm 

I  havic  fliewn  by  Experiment,  that  when  the  Weight  is  unknown,  fi^^  Expiri^ 
^  of  the  Power  is  the  Friftion  of  a  Cylinder,  whofe  Surface  moves  ^!l^. 
as  faft  as  the  Power,  and  whofe  Gudgeons  are  equal  in  Diameter  t0">jj/^;^  i„  V^f. 
the  Cylinder.     Now  as  the  Diameter  of  the  firft  Pulley  is  eight  times  riau  hircum^ 

«  ftances.  Bytbi 

bigger  than  its  Pin,  its  Friaion  muft  be or  8  Ounces.  p.  291. 

8 
The  fecond  Pulley,  whofe  Surface  moves  as  flow  again  as  the 
Power,  and  whofe  Pin  is  fix  times  lefs  in  Diameter,  muft  of  Confe* 

645 

qucnce  hare  its  Friftion  of  only  5  \  Ounces ;  becaufe 

2 

6 
The  third  Pulley  moving  with  \  of  the  Velocity  of  the  Power,  on 
a  Pin  of  %  of  its  Diameter,   has  for  its  Fridion  4  \ 5  -,  be- 

64  f 
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5  - 
Now  the  Sum*  of  all  thefe  Frictions  being  17,6  J  which  is  the 
5,4  Part  of  the  Power  6  ife,  this  Addition  does  fo  encreafc  the  Fric- 
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tiQa.as  to.rcquirfc  a  Super-addition  of  the  5,4  Part  of  that  firft  Addi- 
tion, and  lb  on,    in  this  Series,  §   17,62  -4-  3,2  •+•  0,59,  ^c.  = 

21,41  I' 
Then  the  Sum  of  the  Friftions  upon  account  of  bending  the  Ropes 

(  too  tedious  to  explain  now,  before  I  give  a  full  Account  in  my  in- 
tended Theory  of  Fridion )  deduced  from  the  Experiment  that  a 
Rope  of  jo  i^ch  in  Diameter  ftretchcd  by  6  }fe  requires  4,5  5  to 

beiri'it  round  a  Cylinder  of  i  Inch ,  amounts  to  i,8-f-i,  15+1, 

1 24=:4«424  5^  which,  with  the  other  Fridlion,  amounts  to  25,834  5- 

But  as  I  iiave  formerly  fhewn  in  thefe  TranfaSlions.  that  when  a  Rope 

drawn  by  unequd  Weight  runs  over  a  Pulley,  the  PreflTure  on  the 

•     Pin  i5  dirainifhed  \  that  diminiflied  Preffure  ( found  by  Calculation 

to  be  near  C  §  )  being  taken  from  the   above  Sum,    the  Fri6Hon 

^  remaining  will  he  19,834  ^  -,  and  the  Experiment  is  juft  20  5- 

.  N.  jB.  Nothing  was  here  allowed  for  the  Weight  added  to  bend 

the  Rope3,    which  would   ftill  bring  the  Experiment  neaf-er  the 

Xh^ry. 

'Tm^xferi'  XL  The  firft  Experiment  was  made  with  a  Tackle  of  five  Brafi 
^fffj^oftbe  siieevers  in  Iron  Frames  or  Blocks;  that  is,  three  Shcevcrs  in  the 
PuulZ   By    opP^r  Block,  and  two  in  the  lower. 

the  fame,   N«      Having  made  an  -Slquilibrium ,    by  hanging  one  Hundred  and 
425. />.  994.   a  quarter  at  the  lower  Block,  and  a  quarter  of  an  Hundred  at  the 
running  Rope  »  I  added  1 7  Pounds  and  a  half  before  the  Power  could 
go  idown  and  raife  the  Weight. 

Experiment  2.  Two  Hundred  and  a  half  being  balanced  by  half  a 
Hundred,  the  Addition  of  28  Pounds  made  the  Power  raife  the 
Weight.  • 

N.  B.  The  Sheevers  were  five  Inches  Diameter,  the  Pins  half  an 
Inch,  and  the  Rope  three  quarters. 

In  the  firft  Experhnent  17  Pounds  and  a  half  exceeds  by  4  Pounds 
and  a  half  the  Sum  of  the  Frifticns  deduced  from  the  Theory.  But 
in  the  fecond  Experiment  28.  Pounds  exceeds  the  Sum  of  the  Fridions 
but  one  Pound. 

The  Reafon  of  this  appeared  to  be,  that  the  Rope  at  firft  was  too 
big  tor  the  Cheeks  that  held  the  Sheevers  ;  but  in  the  fecond  Experi- 
ment, where  the  Rope  was  more  ftretched,  it  was  fomewhat  dimi- 
niflied in  DraipeCer,  and  lb  brought  off  from  rubbing  fo  hard  againft 
thofe  Checks. 

.  From  knowing  the  Quantity  of  Friftion  a  priori  in  fuch  large 
Tackles,  we  may  know  what  to  expe6l  in  Praftice :  For  if  one  Man, 
who  for  a  fmall  time  can  exert  the  Force  of  one  Hundred  Pounds, 
thinks  thaD he  may  draw  up  a  Stone,  or  a  Roll  of  Sheet-Lead,  or 
any  other  fuch  Weight  to  the  Top  of  a  Houfe  with  a  Tackle  of 
Five  ( becaufc  tWs  would  feem  teafible  from  mechanical  Princi- 
•    >    '  pies) 
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pies)  will  find  himfelf  miftaken  on  account  of  the Friflion,  which 
will  not  be  furmounted  without  an  additional  Force  of  fifty  Pounds. 

XII.  Thofe  who  endeavour  after  a  perpetual  Motion  take  it  for  Remarks  an 
►  granted,  that  if  a  Weight  defcending  in  a  Wheel,  at  a  determinate ^'^'^^  Aitmpts 
Diftance  from  the  Centre,  docs  in  its  Afcent  approach  nearer  to  it  \  Z^f^rmu^^^ 
fuch  a  Weight  in  its  Defcent  will  always  preponderate,  and  caufe  a  UotLn,  ty  the 
Weight  equal  to  it  to  rife,  provided  it  comes  nearer  the  Centre  in  \x.%Jnme,    N^ 
Rife  ;  and  accordingly  as  itfelf  rifcs,  will  be  overbalanced  by  ano- 1^1- P-  234. 
thcr  Weight  equal  to  it ;    and  therefore  they  endeavour  by  various 
Contrivances  to  produce  that  Effeft,  as  if  the  Confequencc  of  it  would 
be  a  perpetual  Motion. 

But  I  fliall  fticw,  that  they  miftake  one  particular  Cafe  of  a  gene- 
ral ^heoretfh,  or  rather  a  Corollary  of  it,  for  the  theorem  itfelf.  The 
fbeorem  is  as  follows : 

If  one  V/eight  in  its  Defcent,  does  by  Means  of  any  Contrivance,  neorem. 
caufe  another  Weight  to  afcend  with  a  Icfs  Momentum  or  Quanti- 
ty of  Motion  than  itfelf,  it  will  preponderate  and  raife  the  other 
Weight- 
Therefore  if  the  Weights  be  equal,  the  defcending  Weight  muft  Corollary  I. 
have  more  Velocity  than  the  afcending  Weight,  becaufe  the  Momen- 
tum is  made  up  of  the  Weight  multiplied  into  the  Quantity  of  Matter- 
Therefore  if  a  Lever  or  Balance,  have  equal  Weights  fattened  or 
hanging  at  its  Ends,  and  the  Brachia  be  ever  fo  little  unequal,  that  ^^^oUary  JL 
Weight  wjll  preponderate,  which  is  farthefl:  from  the  Centre. 

This  fccond  Corollary  caufes  the  Miftake;  becaufe  thofe,  who 
think  the  Velocity  of  the  Weight  is  the  JLine  it  defcribes,  expedl  Scholium. 
that  tliat  Weight  Ihall  be  overpoifed,  which  defcribes  the  (hort- 
cft  Line,  and  therefore  contrive  Machines  y  to  caufe  the  afcend- 
ing Weight  to  defcribe  a  fliorter  Line  than  the  defcending  Weight. 
As  for  Example,  in  the  Circle  ADB  a,  the  Weights  A  and  B  ^'^Z-  'S'* 
being  fuppofed  equal ,  they  imagine,  that  if  ( by  any  Contriv- 
ance whatever )  whilft  the  Weight  A  defcribes  the  Arc  A  a,  the 
Weight  B  is  carried  in  any  Arc^  as  B  b,  fo  as  to  come  nearer  tl>e 
Centre  in  its  rifing,  than  if  it  went  up  the  Arc  B  D  ;  the  faid  Weight 
Ihall  be  overpoifed,  and  confequently,  by  a  Number  of  fuch  Weights, 
a  perpetual  Motion  will  be  produced. 

This  is  attempted  by  feveral  Contrivances,  which  all  depend  up- 
on this  falfe  Principle  ;  but  I  (hall  only  mention  one,  where  a  Wheel  Fig.  152. 
having  two  parallel  Circumferences,  has  the  Space  between  them  di- 
vided into  Cells,  which  being  carved,  will  (  when  the  Wheel  goes 
round  )  caufe  Weights  placed  loofe  in  the  faid  Cells,  to  defccnd  on 
the  Side  AAA,  at  the  outer  Circumference  cf  the  Wheel  5  and  on 
the  Side  D  to  afcend  in  the  Line  B  b  b  b,  which  comes  nearer  the 
Centre^  and  touches  the  inner  Circumference  of  the  Wheel.  In  a 
Machine  of  this  Kind,    the*  Weights  will  inJcod  move  in  fuch   a 

Manner^ 
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Manrrer,  if  the  Wheel  be  turned  round,  but  will  never  be  the  Cau(e 
of  the  Wheel*s  going  round. 

The  Velocity  of  any  Weight  is  not  the  Line,  which  it  defcribci 
in  General,  but  the  Height  that  it  rifes  up  to,  or  falls  from,  with 
refpeft  to  its  Diftance  from  the  Centre  of  the  Earth.     So  that  when  • 
Fij.  iji.       the  Weight  defcribes  the  Arc  A  a,  its  Velocity  is  the  Line  AC, 
which  fliews  the  perpendicular  Defcent  ( or  meafures  how  much  it  is 
come  nearer  to  the  Centre  of  the  Earth  )  and  likewife  the  Line  B  C 
denotes  the  Velocity  of  the  Weight  B,  or  the  Height  that  it  rifes  to 
when  it  afcends  in  any  of  the  Arcs  B  b,  inftead  of  the  Arc  B  D  : 
So  that  in  this  Cafe,  whether  the  Weight  B  in  its  Afcent  be  brought 
nearer  the  Centre  or  not,  it  lofes  no  Velocity,  which  it  ought  to  da, 
in  order  to  be  raifed  up  by  the  Weight  A.     Nay,  the  Weight  in 
rifing  nearer  the  Centre  of  a  Wheel,  may  not  only  not  lofc  of  its 
Velocity,  but  be  made  to  gain  Velocity,  in  Proportion  to  the  Velo- 
city of  its  counterpoifing  Weights,  that  defcend  in  the  Circumference 
of  the  oppofite  Side  of  the  Wheel  •,  for  if  we  confider  two  Radij  of 
the  Wheel,  one  of  wliich  is  Horizontal,  and  the  other  (  faftened  to 
Fie  ic*.       ^"^  moving  with  it)  inclined  under  the  Horizon  in  an  Ancle  of  66 
degr.  and  by  the  Defcent  of  the  End  B  of  the  Radius  E  C,  die 
Radius  C  D  by  its  Motion  caufes  the  Weight  at  D,  to  raife  up  die 
Line  p  P,  which  is  in  a  Plane  that  ftops  the  faid  Weight  from  rifing 
in  the  Curve  D  A,  that  Weight  will  gain  Velocity,  and  in  the  Be- 
ginning of  its  Rife,  it  will  have  twice  the  Velocity  of  the  Weight  at 
B  •,   and  confequently,  inftead  of  being  raifed,  will  ovcrpoife,  if  it 
be  equal  to  the  laft  mentioned  Weight.   And  this  Velocity  will  be  lb 
much  the  greater,  in  Proportion  as  the  Angle  AC  D  is  greater,  or 
as  the  Plane  P  p  C  along  which  the  Weight  D  muft  rife )  is  nearer  to 
Fig.  IS"'       the  Centre.     Indeed  if  the  Weight  at  B,  could  by  any  Means  be 
lifted  up  to  j8,  and  move  in  Arc  0  b,  the  End  would  be  anfwered  ; 
becaufe  then  the  Velocity  would  be  diminiflied,  and  become  3  C. 
ExperimiHt.        Take  the  Lever  BCD,  whofe  Bracbia  are  equal  in  Length,  bent 
FiS-  I  S3*      in  an  Angle  of  120  degn  at  C,  and  moveable  about  that  Point  as  its 
Centre:    In  this  Cafe,    a  Weight  of  two  Pounds  hanging  at  the 
End  B  of  the  horizontal  Part  of  the  Lever,  will  keep  in  jEquilihrio 
a  Weight  of  Four  Pounds  hanging  at  the  End  D.     But  if  a  Weight 
of  one  Pound  be  laid  upon  the  End  D  of  the  Lever,  fo  that  in  the, 
Motion  of  D  along  the  Arc  p  A,  this  Weight  is  made  to  rife  up 
-.  .    ^      againft  the  Plane  P  p  ( which  divides  in  half  the  Line  A  C  equal 
to  CB  )  the  faid  Weight  will  keep  in  ASquilibrio  two  Pounds  at  B, 
as  having  twice  the  Velocity  of  it,  when  the  Lever  begins  to  move. 
This  will  be  evident,  if  you  let  the  Weight  4  hang  at  D,  whilft  the 
Weight  I  lies  above  it :    For  then  if  you  move  the  Lever,    the 
Weight  I  will  rife  four  times  as  faft  as  the  Weight  4. 

f  5  XFII.  I 
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XIIT.  I  took  the  Leaden  Balls  A  and  B,  the  fird  weighing  one  Experiments 
Poand,  ^nd  the  other  two  Pounds  ;  and  having  from  eachoftheln  concerning  the 
cut  oHF  a  Segment  of  about  %  Inch  in  Diameter,  I  prefs*d  them  to-  ^;f^^^^i,^ 
gccher  with  my  Hand,  with  a  little  Twift,  to  bring  the  flat  Parts  fj^^\   j/«,  ' 
to  touch  as  well  as  I  could.     The  Balls  ftuck  fo  fait,  that  when  the '^89'^.  345. 
Hancl-H,  by  means  of  a  String,  fuftained  the  upper  Ball  A,  the  P^8«  >5+- 
lower  one  B  ( by  reafon  of  its  Contaft  at  C  )  was  fuftained,  though 
loaded  with  the  Scale  S,  and  Weights  £,  which  amounted  to  1 6  Pounds. 
A  little  more  Weight  added  feparated  them,  and,  upon  viewing  the 
touching  Surfaces,  it  appeared  that  they  did  not  exceed  a  Circle  of 
\-s  Inch  Diameter  *,  but  this  Surface  can  hardly  be  meafured  exadly, 
on  account  of  its  Irregularity.     The  Experiment  was  repeated  fe- 
vcral  Times,   and  the  Cohefion  of  the  Balls  was  different  every 
Time. 

On  the  upper  Pin  or  Bar  of  the  wooden  Frame  DJIH,  I  fu- pj-  j.. 
fpcndcd  the  Steelyard  E  F,  whofe  Hook  held  up  a  leaden  Ball  A 
of  two  Inches  in  Diameter,  having  a  Hole  through  it,  at  A,  to  re- 
ceive a  String  *,    the  lower  Ball  8  equal  to,  and  prepared  in  the 
fame  Manner  as  the  firft,  received  the  Pin  O  o,    through  its  String,  . 
fo  that  G,  the  Weicht  of  the  Steelyard,  was  made  ufe  of  to  fcpa- 
rate  the  Balls,  which  happened  when  it  was  applied  at  the  Number 
20,  in  the  firft  Experiment ;    but,  in  the  three  following  Experi- 
ments, the  Balls  were  not  feparated  till  the  Weight  was  removed  to 
the  Numbers  25,  37,  and  45,  expreflTing  Pounds  on  -the  Steelyard* 
Laftly,  The  Balls  being  applied  together  as  beiore,  ftill  cleaning 
the  Siu-face  of  ContaA  with  my  Knife,  and  never  making  a  Contaft 
fcnfibly  greater  than  what  I  mentioned  before  ;  the  Weight  G  rcmov** 
ed  quite  to  the  End  F,  where  it  weighed  47  Pounds,  was  not  able 
to  feparate  the  Balls* 
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Hydrostatics,  Hydraulics. 


Defcription 
4ind  Ufe  of  a 
new  Areome- 
ter. By  D.  G. 
Fahrenheit, 
F.  R.  S,  NS 
38+./).  140. 
Fig.  156. 


A  neto  Kind 
of  Hydrometer 
made  by  Mr* 
Clarke,  and 
communicated 
to  the  Society* 
SyJ.T.T)C'\ 
faguliers,  £• 
L.Z>.  KP.S. 
N«  413.  ^ 
277. 


I..  I.  y^^LOBULO,  A,  fatis  magno,  f  quo  major  Globulus  eo 
Vj  melior)  tubi  fibi oppofiti  CD  &  EF  annedtuntur,  tu- 
bulo  gracillimo  E.  F  receptaculum  G  additur,  mediumque  tubuli 
punfto  a  minutilTimo,  fatis  tamen  vifibili,  denotatur.  Extremitas 
ahera  tubuli  C  D  globulo  B  praedita  eft,  qui  receptaculi  loco  pon- 
dcri  inferiori  (quonempe  inftrumentum  aggravatur )  infervit.  Di- 
ftantia  globuli  B  a  centro  globi  A  triplo  major  /it,  quam  diftantia 
jcceptaeuli  G  ab  eodem  centro.  Inftrumento  ita  praeparato,  glo- 
bulus B  tanta  mercurii  quantirate  repletur,  ut  fi  Araeometron  liquori 
levinimo,  exempli  gratia,  fpiricui  vini  bene  tlephlegmato,  velfpiritui 
Terebinthinae  immergatur,  illud  in  liquore  fere  ufque  ad  punftum  a 
defcendat ;  quo  fado,  tubulus  prope  E  hermetice  ligillatur,  &  in- 
ftrumentum bilance  accuratiori.ponderatur ;  eritque  pondus  inftru- 
rftenti  etiam  ipfiffimum  liquoris  ab  inftrumento  deturbati  pondus, 
utpote  fatis  hydroftatices  peritis  notum  eft.  Si  autem  graviores  invef- 
tigahdi  funt  liquores,  exempli  gratia,  aqua,  lixivia,  vel  fpiritus  aci- 
di,  ebrum  gravitatis  differentia  mvcnitur,  dum  nempe  inftrumentum 
in  rcceptaculo  G  tanto  pondere  oneratur,  ut  illud  iterum  ad  punAum 
a  fubfidat.  Hoc  pondere  gravitati  inftrumenti  addito,  illorum  liquo- 
f um  gravitates  fpecificae  ( fi  pondera  fint  minutiflima  )  fatis  cxadle 
habebuntur :  &  fie  de  caeteris. 

Dixi  quod  inftrumentum  in  memoratis  fpiritibus  fere  ad  punftum  a 
fubfidere  debeat ;  melius  enim  erit,  ut  non  perfeftc  liquor  illud  punc- 
tum  attingat,  &  ut  differentia  parva  ponderibus  minutiffimis  adjuve- 
tur:  hoc  enim  modo,  fi  forfan  adhuc  liquores  leviores  darentur,  vel 
etiam  fi  liquorum  memoratorum  gravitas  a  calore  fpecifice  levior 
redderetur,  adhuc  inftrumento  explorari  poterunt,  quod  alias  non 
fuccedcfret,  fi  illud  pcrfede  ad  punftum  a  in  nominatis  fpiritibus  fub- 
fideret. 

Dum  autem  experimenta  fiunt,  cavendum  eft,  ne  fuperficies,  tam 
inftrumenti,  quam  liquorum  aliqua  pinguedine,  vel  aliis  particulis 
heterogeneis  fint  imbutas  j  aliter  enim  experimenta  nunquam  fatis  ac- 
curate peragentur. 

2.  The  Hydrometer,  by  fome  called  Areometer,  is  an  Inftrument 
commonly  made  of  Glafs,  confifting  of  a  Stem  A  B,  graduated  by 
fmall  Beads  of  Glafs  of  different  Colours,  ftuck  on  the  Outfide,  a 
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krger  Ball,  B»  quite  empty  as  well  as  the  Stem,  and  a  fmail  Ball,  C, 
filled  with  Quickfilver  before  the  End  A  was  hermetically  fcaled,  in 
fuch  Manner  as  to  make  the  Hydrometer  fink  in  Rain- Water  as 
deep  as  w,  the  Middle  of  the  Stem.  Such  an  Inftrument  does  in- 
deed fhew  the  different  fpecifick  Gravity  of  all  Waters  or  Wines, 
by  finking  deeper  in  the  lighter,  and  emerging  more  out  of  the  hea- 
vier Liquors ;  but  as  it  is  difficult  to  have  the  Stem  exaftly  of  the 
fame  Bignefs  all  the  Way,  and  if  it  could  be  had,  rhe  fame  Inftru- 
ment would  not  ferve  for  Water  and  Spirits,  finking  quite  over  Head 
in  Spirits  when  made  for  Water,  and  emerging  in  Water  with  Pare 
of  the  great  Ball  out,  when  made  for  Spirits.  The  Hydrometer  has 
only  been  ufed  to  find  whether  any  one  Liquor  is  fpecifically  heavier 
than  another ;  but  not  to  tell  how  much,  which  cannot  be  done 
without  a-  great  deal  of  Trouble,  even  with  a  nice  Inftrument.  The 
Hydroftatical  Balance  has  fuppUed  the  Place  of  the  Hydro- 
meter, andfhews  the  different  fpecifick  Gravity  of  Fluids  to  a  very 
great  Exadlnefs.  But  as  that  Balance  cannot  well  be  carried  in  the 
Pocket,  and  much  lefs  managed  and  underftobd  by  Perfons  not  ufed 
to  Experiments,  Mr.  Clarke  was  refolved  to  porfeft  the  Hydrometer 
for  the  Ufe  of  thofe  that  deal  in  Brandies  and  Spirits,  that  by  the 
Ule  of  the  Inftrument  they  may, .  by  Infpeclion,  and  without  Trou- 
ble, know  whether  a  fpirituous  Liquor  be  Proof,  above  Proof,  or 
under  Proof,  and  exaftly  how  much  above  or  under :  And  this  muft 
be  of  great  Ufe  to  the  Officers  of  the  ,Cuftoms,  who  examine,  im- 
ported or  exported  Liquors 

After  having  made  feveral  fruitlefs  Trials  with  Ivory^  becaufeit  im- 
bibes fpirituous  Liquors,  and  tlicreby  alters  its  Gravity,  he  at  laft  made 
a  Copper  Hydrometer,  having  a  Brafs  Wire  of  about  \  Inch  thick  go- 
ing through,  and  foldered  into  the  hollow  Copper  Ball,  B  b.     The  pjg  ^-g^ 
upper  Ball  of  this  Wire  is  filed  flat  on  one  Side,  /or  the  Stem  of  the 
Hydrometer,  with  a  Mark  at  w,  to  which  it  finks  exactly  in  Proof 
Spirits.     There  are  two  other  Marks,  A  and  B,  at  Top  and  Bottom 
of  the  Stem,  to  fhew  whether  the  Liquor  be  -^^  above  Proof  (as 
when  it  finks  to  A)  or  ^^  under  Proof  ( as  when  it  emerges  to  B ) 
when  a  Brafs  Weight,  fuch  as  C,  has  been  fere  wed  on,  to  the  Bot- 
tom at  c.     There  are  a  great  many  fuch  Weights  of  different  Sizes, 
and  marked  to  be  fcrewed  on,  inftead  of  C,  lor  Liquors  that  differ 
more  than  yV  ^^"^  Proof,  fo  as  t?o  ferve  for  the  fpt-cifick  Gravities  ^^^^^^/^^^^ 
in  all  fuch  Proportions  as  relate  to  the  Mixture  of  fpirituous  La-  &eujc,iin  ex- 
quors,  in  all  the  Variety  made  Ufe  of  in   Trade.     Inhere  are  alfo  ^^^^/^.^  ^^^f 
other  Balls  for  Ihewing  the   fpecifick  Gravities  quite  to  common  ^^■^^/l^^J^;''f' 
Water,  which  makes  the  Inftrument  perfcft  in  its  Kind.  %li%.{hhg* 

tbun  in  Wa- 

II.  I.  As  it  is  oftentimes  of  good  Ufe  to  know  the  Specifick  Gra-*^'"'-.  i^.v  Jimes 
vity  of  folid  Bodies,    a  great  Number  of  E'tperiments  have  bren  j^^'^o"*/^'  ^* 
jnade  upon  this  Subjedt  by  Members  of  the  Ro;^al  Society ^  and  o-  jsjo'^jg^'"' 
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ther  Curious  Pcrfons;  the  Refulc  of  which  has  been  publiflied  in  fc- 
veral  Tables  in  the  Philofopbical  TranfaSlions^  and  clfewhcre.  But, 
as  it  is  neceflary  that  Experiments  of  this  Nature  fhould  be  made 
with  great  Exaftncfs,  if  we  would  fo  far  depend  upon  them,  as  to 
draw  any  Inferences  from  them  in  Natural  Philofophy,  it  may  not  be 
amifs  to  mention  a  Caution,  which  is  oftentimes  neceflary  in  the 
making  of  them,  and  which  1  have  Reafon  to  think  has  been  gene- 
rally very  little  regarded.  It  is  this ;  That  when  a  dry,  porous 
Body  is  to  be  weighed  in  Water,  in  order  to  difcover  its  Specifick 
Gravity,  it  is  neceflary,  by  fome  means  or  other,  to  extricate  the 
Air  oui  of  all  the  fmall  Pores  and  Cavities  within  it,  that  the  Wa- 
ter may  have  free  Liberty  to  enter  and  pervade  them.  Unlefs  this 
Care  be  taken,  it  muft  needs  happen,  that  the  Air,  which  pofleflcs 
thofe  fmall  Cavities,  and  keeps  the  Water  out,  will  render  the  Solid 
of  lefs  Weight  in  the  Water,  and  confequently  of  lefs  apparent  Spe- 
cifick Gravity  than  it  really  is.  The  beft  way  of  avoiding  this  In- 
convenience, is,  to  fet  the  Vefiel  of  Water,  in  which  the  folid  Body 
is  immerged,  under  the  Receiver  of  an  Air-Pump,  and  to  extraft 
the  Air  out  of  the  Body  by  that  Means ;  which  will  be  more  eafily 
and  exaftly  done,  if  the  Water  be  firft  heated  over  the  Fire.  And 
where  the  Conveniency  of  an  Air-Pump  cannot  be  had,  the  fame 
Thing  may  be  done  aim  oft  as  well,  by  letting  the  folid  Body  con- 
tinue fome  Time  in  boiling  Water  over  the  Fire. 

But  no  folid  Body  muft  ever  be  put  into  hot  Water,  that  will  in 
any  meafure  diffolve,  or  give  a  Tincture  to  the  Water- 
One  Inftance  of  the  Negledt  of  this  Caution,  may  be  feen  in  the 
Accounts  we  have  of  the  fpecifick  Gravity  of  the  Stones  taken  out 
of  human  Bladders,  which  have  been  commonly  found  to  be  but  a- 
bout  one  half,  and  fome  of  them  have  been  no  more  than  a  fourth 
Part  heavier  than  an  equal  Bulk  of  Water.  From  this  it  has  been 
too  haftily  concluded,  that  thefe  Stones  are  very  improperly  called 
by  that  Name,  as  not  at  all  approaching  to  the  fpecifick  Gravity  of 
even  the  lighted  real  Stones,  that  we  have  any  Account  of. 

Whereas  it  is  much  more  reafonable  to  fuppofe,  that  thofe  Stones, 
which  have  been  found  to  be  fo  light,  were  fuch  as  had  been  a  con- 
fiderable  Time  taken  out  of  the  Bladder,  and.  confequently  had  Joft 
much  of  their  Weight  by  the  Evaporation  of  the  Urine,  with  which 
they  had  at  firft  been  faturated,  and  that  they  had  afterwards  been 
tried  without  the  Caution  above-mentioned.  I  would  therefore  beg 
Leave  to  recommend  it  to  thofe,  who  fhall  examine  the  Specifick 
Gravity  of  the  human  Calculus^  that  they  will  either  try  the  Expe- 
riment upon  Stones  frefli  taken  out  of  the  Bladder,  or  elfc  that  they 
will  be  pleafed  to  ufe  the  above-faid  Method,  to  extricate  the  Air 
out  of  their  Cavities.  If  they  do  this,  I  am  confident  they  will  meet 
with  fome  Calculi  ( as  I  have  done  )  exceeding  the  Weight  of  fome 
forts  of  burnt  earthen  Ware  and  Alabafter,  and  approaching  very 
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near  to  that  of  Brick,  and  the  fofcer  fort  of  paving  Stone.  But  ic  is 
not  to  be  expefted,  that  they  fhould  entirely  equal  the  Speclfick  Gra- 
vity of  Stone,  found  in  the  Earth ;  becaufe  the  Mixture  of  fome 
Portion  of  the  Animal  Oil  and  Volatile  Salt,  with  the  ftony  Subftance 
of  the  human  Calculi^  muft  needs  leffcn  the  Specifick  Gravity  of  the 
whole  Concrete. 

I  (hall  mention  one  other  Obfervation,  relating  to  this  Subjeft ; 
which,  however  trivial  it  may  feem,  yet  to  me  was  very  furprizing, 
when  1  accidentally  difcovered  it.  It  is.  That  the  Subftance  of  all 
Wood  (as  Oak,  Fir,  Csfr.  )  is  fpecifically  heavier  than  Water.  To 
prevent  being  mifunderftood,  1  muft  obferve,  that  in  Wood,  and 
other  Vegetables,  there  arc  two  Sorts  of  Veflcls ;  one  of  which  con-- 
vey  the  Sap,  and  the  other  contain  only  Air,  for  which  Reafon  they 
arc  called  Air- Veflcls.  When  Wood  floats,  or  fwims  in  Water,  this 
Effeft  is  not  owing  to  the  Lightnefs  of  the  Subftance  of  the  Wood, 
but  only  to  its  being  buoyed  up  by  the  Air  contained  in  the  Veflcls 
before-faid.  For  when  the  Air  is  extrafted  out  of  thofe  Veflels,  and 
inftead  thereof  the  Water  h^s  infmuated  itfelf  into  chem,  the  Wood 
will^  fink  to  the  Bottom.  As  is  very  eafily  fliewn  in  fmall  Chips, 
or  Shavings  of  Wood,  by  means  of  the  Air-Pump,  or  an  Infufion 
in  boiling,  or  even  in  cold  Water  for  a  fufiicient  Time.  And  the 
fame  is  found  to  fucceed  in  the  Roots,  Stalks,  Leaves,  and  Seeds 
of  as  many  other  Vegetables  as  I  have  yet  tryed  ;  Cork  only  except- 
ed 5  in  which  laft  I  had  no  Reafon  to  expeft  it,  confidering  the 
particular  Strufture  of  that  Subftance,  as  defcribed  by  Dr.  Hook^  in 
his  Micrograpbia. 

2.    Aurum                      —                       —                     —  1908 1  The  Specific 

MerCUriuS  —  i^^y^*  Gravities  of 

Plumbum  —  —  —  ii^^of^^'^'^'J^ih 

Argentum      ^  —  ^  ^  —  —  1048 1  ^^^^j^^j,^  ^  ^^ 

Cuprum  Suecicum  —  —  —  S834  5.  n*^.  383. 

Idem  Japonenfc  —  —  —  —  8799/).  114. 

Ferrum  —  —  —  —  —  78 17 

Stannum  provincial  Indiae  Orientalis  vulgo  diflas  Malacca  7364 

Stannum  Anglicanum  —  —  —  7313 

Marcafita  alba  —  —  — ^  9850       • 

Rcgulus  Antimonii  —  -^  —  —       6622 

Aurichalcum  —  —  —  —  8412 

Cryftallus  de  rupe  —  —  —  2669 

Pyrites  homogenetis  —  —  —        2584 

Cinis  clavellatus  fordibus,  faleque  neutro  quodam  ( quod  fere  fcrmper 
magis  vel  minus  in  cinere  illo  reperi:ur  )  depurgatus      —       3112 
Sal  illud  neutrum  —  —  —  2642 

Sal  maritimum  —  —  -^  —  2125 

Nitrum  —  —  —         ^^     —        2150 

U  u  2  "**  Alumcn 
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Alumen  -: 1738 

S.iccharum  albiffiraum  — —  1606^^ 

Oleum  Virrioli  ^      ;         i877i* 

Lixivium  cineris  clavellati  falc  quantum  fieri  potuit  impraBgnacum 

—     1563* 

Idem  alio  tempore  prsBparatum  -- —  — —^^^  1571^*. 

Aqua  tbrtis  melioris  nocae  j^.^^J,*     1409* 

Spiritus  nitri  ^  -'     1293-^* 

Aqua  pliiviatilis -looo* 

Oleum  Raparum  913 

Alcohol  vini 826 

Idem  magis  dephlegmatum  825 

Experimenta  variis  funt  flida  modis.  Corpora  enim  fixa,  ut  vulgo 
fieri  folet,  prius  bilancis  accuratioris  ope  in  acre  &  deinde  in  aqua 
pluviatili  funt  ponderata.  Salium  pondus,  prius  in  aere,  &  tunc  in 
liquore  idoneo  quodam  eft  exploratum,  &  deinde  calculo  ad gravita- 
.  tem  aquae  comparatum.  Liquorum  gravitates,  interdum  Araeomc- 
tro  fupra  defcripto,  aliquando  autem  vafibus  hie  delineatis  func  in- 
dagata?. 

Fig.  159.  Globus  Vitreus  concavus  A  ad  Lampadis  flammam  fatis  magnus 

conficitur,  duobus  tubulis  vitreis  fibi  oppofitis  B  &  B  prasditus. 
Tubulorum  extremitates  funt  apertae,  attenuatas,  &  aliquantifper  in- 
curvatje,  ne  liquor  cffluere  pofllt.  Globulus  praeterea  in  inferior! 
loco  aliquantulum  eft  applanatus,  ut  eo  commodius  bilanci  inipo- 
ni  pofllt. 

Fig.  160.  Ampulla  A,   c  tenuiflimo  vitro  ad  lampadis  flammam  paratur, 

coUo  wtis  largo  prasdita,  cujus  apertura  opcrculo  B,  intus  concavo 
tam  accurate,  quam  fieri  poteft,  clauditur. 

Ope  hujus  ampullae,  etiam  falium  gravitates  fpccificae  explorari 
poflunt,  &  quidem  hoc  modo.  Ampulla  prius  liquore  quodam 
idoneo  ( in  quo  nempe  fal,  cujus  gravitas  cxploranda  eft,  non  folvi- 
tur )  impletur,  &  poftquam  liquoris  innotuit  pondus,  liquor  efFundi- 
tur,  atque  vas  probe  exficcatur.  Hoc  fafto,  fale  fere  totum  vas 
impletur,  &  falls  pondus  inquiritur;  hoc  noto,  interftitia  falls  li- 
quore replentur,  ponderifqije  incrementum  a  liquore  addito  quaeritur.' 
Si  hocce  incrementum  ponderis  a  pondere  toto  liquoris  fubtrahitur, 
refiduum  exprimet  gravitatem  liquoris  a  fale  deturbati. 

Sal  neutrum  cineris  clavellati  in  fpiritu  nitri  nuUam  facit  ebullitio- 
nem.  Mercurium  in  fpiritu  nitri  folutum  albo  colore  prascipitat. 
Carbonibus  fuperimpofitum,  crepitu  in  minores  partes  difrumpitur 
&  difpergitur. 

Nitrum  in  tigillo  fupra  ignem  fuit  liquefaftum,  ut  co  modo  ab 
omni  humiditatc  depurgaretur,  fpatiaque  nonnulla  aere  alias  plena 
nicro  ipfo  replerentur. 


♦^ 


Gravitates 


Figures  of  Fluids.  331 

Gravitates  liquorum,  quae  afterifco  notatae  funt,  ad  gradum  qua- 
dragefimum  oftavu'm  mcorum  thcrmometroruni  calculo  funt  revo- 
catae,  &  nonnuUorum  jam  in  *  cxpcrimcntis  dc  gradu  ebullicionis 
Jiquorum  quorundam  fadta  eft  mentio. 

Modus  fimpliciflimus  ad  inveftigandam  gravitatis  differenciam^ 
qu2C  a  divcrfo  temperamento  fluidorum  originem  fuam  trahir,  eft,  ut 
prius  liquore  minus  calido  ( cujus  tamen  gradus  ope  Thcrmometri 
nocus  efle  debet )  vas  aliquod  repleatur,  &  ponderetur,  deinde  illud 
vas  iterum  calidiori  liquore  impleatur,  &  ut  prius  ponderetur.  Si  in 
hoc  fecundo  experimento  gradus  caloris  iterum  eft  notatus,  habebitur 
differentia  gravitatis  liquoris,  a  calore  inter  hos  gradus  effeda,  quae 
deinde  ope  calculi  facile  unicuique  gradui  attribui  poteft. 

Experimenta  in  aere  funt  fafta  -,  addenda  ergo  erit  unicuique  nu- 
mero  gravitas  aeris,  ut  habeatur  materiarum  gravitas  in  vacuo. 
Eft  autem  aeris  gravitas  fpecifica  ad  illam  aqua^,  fere  12 1  i  ad  looo. 

III.  Prob.l.  Invenire  Figuram  Spha?roidis  fluidi  circa  axem  rotan-  Of  the  Figures 
tis,  pofito  quod  fiuidi  partes  verfus  centrum  attrahantur  fecundum  <f  P^tiUs.turn- 
aliquam  diftantiae  a  centro  dignitatem.  ^AxU^'^B^Mr 

Solut.  Sit  PQ^  axis  revolutionis,    &  P  A  Q^B  feftio  Sphaeroidis  Peter  Lewis^^ 
per  axem  5  jam  cum  partes  fluidi  inter  ic  quiefcant,  columnarum  una-  dc  Maupcrtu- 
quasque  C  D  idem  habebit  pondus  verfus  C ;  confiderando  ergo  e  "»  ^-  ^-  ^• 
columnis  unam  CD  quas  efficit  cum  C  P  datum  angulum  cujus  fi-  ^°-422/>. 
nus  =  b  pro  radio=  i,  &  quas  ex  infinitis  cylindrulis  G^  componi-  ptg.*  j^,^ 
tur  ;  cylindruli  cujufque  pondus  verfus  C  quaero. 

Gravitas  abfoluta  in  A  cum  fit  data  &  =:/^,  pro  habenda  gravitate 

in  G,  erit  p:p  ::  C  A^  C  G"  j   unde  habebitur  gravitas  in  G  feu 
f     p.CGn 


CA« 

Sed  cum  propter  revolutionis  motum  pars  quacvis  fiuidi  rcpellitur 
vi  centrifiiga  fecundum  G  H  ;  &  cum  in  mobilibus  quae  contempo- 
raneas  circulationes  abfolvunt, vires  centrifugae  fint  ut  circulorum  de- 
fcriptorum  radij  ;  fi  vis  centrifiiga  in  A  fit  data  &  =/,  pro  habenda 

vi  centrifuga  in  G,  erit  /.  /  :  :  C  A.  L  G  =  ( ob  L  G.  C  G  : :  £» .  1) 

'     f  b.CG 

i  C  G  i  unde  habebitur  vis  centrifuga  in  G  feu/  = :   Sed 

CA 

vis  hasc  cum  fecundum  G  H  agat  decomponenda  eft  in  duas  vires 
K  H  &  G  K,  ex  quibus  una  tantum  G  K  partem  aliquam  vis  fecun- 
dum GC  tollit.    Habebitur  ergo  vis  ilia  GK  dicendo  GH  .  GK 

vel 

•  P^//.  rr^;//.N^  381. 
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/A.CG    '     fbb.CG 

yd  1 .  h:  : . /= = vi  cy lindralum G g  vrffus D 

CA  CA 

/>.CG» 

tiahenti.  Vis  ergo  cylindrulum  Gg  verfus  C  trahcns  erictantutn 

CA» 

fbb.CG  /"p.CG" 

—  . •  i    &  pondus    cyliodruli  verfus  C,  eric  I  . 

CA  V       CA» 


fbb.CG 
C  A 


) 


G  g.  Jam  columnae  C  G  ex  cylindrulis  iftis  conflate 


•>.CG"     fbb.CG\ 

pondus  eric  f jGi;;  quod  cum  Gj;  fit  Elemen- 

V  CAn  CA     y 

turn   ipfius  CG,    dabit  pro    pondere  columnar  CG,    ■! 

fbbCG^  /^.CD»+' 

;   &  pro  pondere  totius    coluainae  CD,- 

2CA  ,  »+i,CA« 

fbb. CD^ 

9  quod  efficcr*  debet  pondus  conftans  A. 

CA 

p  r"-^' 
Si    ergo    voccntur  CA=^,    CDzTrr,    habebitur 


fbbrr 

=  A.    Et  cum  sequatio  haec,  quaecunque  fit  b^  fcmper  ob- 


2  a 


tineat,  jam  fi  £>  pro  indeterminata  fumatur,  aequatio  pracccdens  rda- 
tionem  dabit  inter  radium  quemvis  C  D  &  finura  anguli  qucm  cum 
axe  P  QJacit. 

Nunc  deter minanda  eft  quanritas  conftans  A.  Ut  aequatb  prae* 
cedens,  fit  ad  feftionem  fphasroidis  illius  cujusfemi-axis  C  A  =  ij,  o- 
portet,  quando  angulus  DCP  eft  reftus,  vel  quando  A=i,   fit 

i>  fl^+V         faa 

r  =  a\   tunc   ergo  habetur =  A,   vel   A  = 

n  +1 .  ««         2  a 


V    2  .a  4-  I     y 


Et 
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p  rn  +  »             f  h  h  rr 
Et    fie   sequatio    corrcfta,    mt —   -—  cs 

. \avt\2p  r»+»  —  (»4-i)  fhha^-^  rr^s. 

2.  »-f- 1     / 

(2p  —  nf^f)  fl"^*'. 

iEquatio  haec,  omnium  fphacroidum  fedtioncs  dcterminat  qusecun- 
que  fit  dignitas  diftancis,  fecundum  quam  fie  actra6lio  ;  una  cancim 
excepu  hypothefi  in  qua  attra£tio  forec  in  ratione  fimplicis  diftancias  a 
centra  inverfa. 

(«.CG«        fbh.CG\ 
*  I 
CA"          CA   y 

rp.Ch       fbh. CG  \ 
J  G  gy  cujus  fluens  non 
CG        CA  y 

fbh. CG^ 
nifi  per  Logarithmos  habetur,  &  prodit jp .  C  A  log.  C  G  —  — •. 

2CA 

fb  brr 

=  A ;  vcl  pro  pondere  totius  columnar  p  a  log.  r =  A. 

2  a 

Ut  corrigatur  hxc  squatio,  oportet  ut  quando  i&=  i,  fit  r  =  ^ ; 

tunc  ergo  habetur  p  a  log.  a =  A  ;  &  asquatio  correfta,  eft 

2 

f  b  b  rr  f  ^  /  ^    \ 

palog.  r ^p  alog.  tf 5  vel  2  p^jlog.  f  —   I 

2  a  2  \    a  / 

fbbrr 
=  — — —  — fa\  vel  tranfeundo ad  numeros  &  fiimendo  c  =:numero 
a 

tfhbrr      f\ 

cujus  log.  =  I,  habetur  r=:^r 

Patct  meridianos  fphaeroidum  femper  prodire  curvas  algebraicas 
excepta  tantum  ifta  hac  hypothefi. 

Si  harum  omnium  curvarum  defideretur  aequatio  more  folito  per 
coordinatas  rc6bingulas,  facile  haberetur.  Nam  faciendo  CE 
SIX,  &  DE  =  )f,  erit  rr=x;^4-)fy,  &:br  =  y.     Exterminando 

ergo 


334  Figures  of  Fluids. 

ergo  h  &c  r  ex  aequatione  general,  invenietur  2  p  (s  x-hy  y)    , 

•  Jitincafu«  =  — i,  x  x+y  yz=.a  a  c'^''''     ^ '• 

Sed  prima  noftra  ratio  dcfiniendi  curvas  per  radios  &  angulos 
icque,  &  forfan  hie  magis  commoda  eft  quatn  ilia  quse  definit  curvas 
per  coordinatas. 

Quamvis  h^  ut  variabilis  traftatur,  tamen  non  ultra  certos  limites 
variat,  &  hi  limites  funt  d?  &  i  ;  noftra  itaque  aequatio  radialis  non 
definit  nifi  partem  curvae  cujus  amplitudo  eft  angulus  reftus  ;  fed 
cum  curvae  iftae  ex  quatuor  arcubus  fimilibus  &  aequalibus  conftent, 
dantur  curvje  meridianorum  integrae  per  sequationem  noftram. 

Jam  facile  determinatur  ratio  inter  ambos  Scftionis  axes  in  quavis 
Hypothefu 

Cum  aequatio  generalis  fit  2  ^  r  » 1 1  —  (n-i-  i)  fhh aP^-^  rrzrn 
(2  p — nf—f)  a »+'  •,  ut  inveniatur  r  quando hzno^  habetur  2  pr  '^ti^ 


{ip  —  nf—f)  a °+^     Ex  quo elicitur  CA.CV\:(2p)^^\{2p 

Et  in  Hypothefi  gravitatis  fimplici  diftantias  rcciproce  proportiona- 
lis,  habetur  Log.j  JL.  j—  —  oTp-    Ex  quo  elicitur  Log.  C  A  — 

JL      "^ 

Log.  C  P  =  2  p- 

Patet  quod  ;;  exiftente  numero  affirmativo,  integro,  feu  frafto, 
hoc  eft  in  omnibus  hypothefibus  gravitatis  dircfte  proportionalis  alicui 
diftantiae  dignicati,  diameter  aequatoris  axe  revolutionis  major  fcmper 
erit.  Sed  fi  fir  n  numerus  aliquis  negativus,  hoc  eft,  fi  gravitas  propor- 
nalis  fit  invcrfe  alicui  dignifati  diftantiae,  habebitur  C  A.  C  P  1 1  (  2^  ) 


-"'^t^  {2p  +  nf~fr^-^^',  nuncfi;^<  i,  fitk=  i  — »;  &  ha- 

I  I 

b.bhur  CA.  CP::  {tp)"^.    (2p  — k/)~i  &  fi  «  >  i,  fit 
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»— i=ki  &habcbitur  CA.  CP::  (2;^)     •    (2/^+k/)  \ 


k  k 

▼el  C  A.  C  P : :  (  2  /  4-  k/)  .  (  2^)  .     Infuper  invenimus  quod  n 

f 
exiftente  =  —  i,  habetur  Log.  C  A  —  Log.  C  P  =  — .    Ex  quibus 

patet  nullam  efle  hypothefin  in  qua  diameter  sequatoris  non  fuperet  me- 
ridiani  diametrum. 

Sphseroidutn  figura,  ut  fatis  apparet,  a  ratione,  quam  habet  vis 
centrifuga  ad  gravitatem,  dependet.  Nunc,  quaJis  effe  pofllc  in  qui- 
bufdam  hypothefibus  ifta  ratio,  videamus,  &  quse  inde  figura  fpha^ro* 
idibus  evcniet. 

Si  gravitas  uniformis  fupponatur,  erit  nzno  &  habebitur  C  A.  C  P : : 
2  p.  ip^»  Itaque  in  terra  ubi  vis  centrifuga  fub  aequatore  289*™  gra- 
vitatis  partem  aequat,  fi  quaeratur  ratio  quam  habet  diameter  aequato- 
ris  ad  axem  in  hypothefi  gravitatis  uniformis  (ponendo  289  pro  />, 
&  r  pro/;  habebitur  C  A.  C  P : :  578,  577. 

Poflec  vis  centrifuga  asquari  gravitati,  quod  obtineret  fi  terrae  revo- 
lutiodiurna  17  vicibus  celerior  redderetur  ;  &  tunc  haberetur  C  A. 
C  P :  :  2.  I.  Sed  fi  revolutio  magis  ac  magis  cita  fieret,  partes  fiic- 
ccflive  difliparentur  donee  tandem  terra  ad  atomum  unicam  redigeretur. 
Ex  quo  patet  quod  in  hac  hypothefi  gravitatis  uniformis,  terra  circa 
polos  nunquam  poteflrcffc  depreflior  quam  fi  diameter  aequatoris  fie  du- 
plo  major  axe  revolutionis.     In  hoc  cafii  terra  conftaret  ex  duobus  pa- 

Kraboloidibus,  ficut  invenit  D.  Huygens  in  traSiatu  de  caufa  gravitatis 
hac  hypothefi  particulari  quam  folam  examinavit. 

Si  gravitas  dift-antiae  a  centro  proportionalis  fl:atuatur,  erit  «=r ,  & 
habebitur  C  A.  C  P  : :  V  p  .  V  (jp— /).  Si  igitur  vis  centrifuga  gra- 
vittkti  fieret  aequalis,  diameter  aequatoris  axe  revolutionis  fieret  infinite 
major-  Hoc  eft:,  fphserois  planum  tantum  circulare  foret.  Et  cum 
in  hac  hypothefi  vis  centrifuga  ad  gravitatem  omnes  po flit  habere  rati- 
ones,  a  ratione  nulla,  ufque  ad  aequalitatisrationem,  patet  sequatoris 
diametrum  ad  axem  revolutionis  omnes  has  rationes  habere  pofle ;  & 
fphagroidem  quae  in  hac  hypothefi  femper  efl:  Ellipfois,  pofle  eflTc 
omnes  Ellipfoides  a  fphaera  ufque  ad  circulum.  Sed  in  liac  etiam  hy- 
pothefi, vis  centrifuga  ultra  crefcere  nequit. 

Si  gravitas  quadrato  diftantiae  reciproce  proportionalis  ponatur, 
erit  »  =  —  2  -,  &  habebitur  C  A.  C  P  : :  2  p-^f.  2 p.  Ex  quo  li- 
quet in  hac  hypothefi  vim  centrifugam  femper  crefcere  pofle,  vel  quod 
codem  redit,  motum  revolutionis  citiorem  femper  fieri  pofle,  nee  ta- 
mcn  fphaeroidis  partes  difliparentur. 

Vol.  VI.  X  x  Scholiov. 
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Scbolion.  Caeterum,  ex  his  omnibus  hypothefibus  nullam  quafi  in  natu- 
ra  revera  datam  hie  ufurpo :  Gquidem  interiorcs  corporum  partes  non 
gravitant  verfus  centrum  allquod  unicum  juxta  proportionem  quamvis 
diftantiarum  abhoc  centre  in  corporibus  pofito.  Attraftio  partium  ex 
forma  corporis  dependet,  ut  &  viciffim  forma  dependet  ex  attraftione. 
Idcirco  omnes  hae  determinationes,  funt  magis  mathematics  quam  phy- 
ficse.  Unde  fit,  quod  D.  Newton  in  determinatione  axis  terrae  &  dia- 
metri  aequatoris  rationem  invenerit  diverfam  ab  Huygeniana  &  a  no- 
ftris,  nempe  eam  quae  eft  inter  229  &  230.  Summus  vir  folutionem 
mere  geometricam  per  hypothefcs  neglexit,  ut  naturas  magis  confenta- 
neam  daret. 

Prob.  II.  Pofito  quod  materia  fluens  circa  axem  extra  fiuentum  fum- 
tum,  attrahatur  verfus  centrum  in  hoc  axe  pofitum  vi  alicui  diftantiae  a 
centro  dignitati  proportionali  5  dum  interea  propter  fluenti  partium  at- 
traftionem  mutuam,  fit  altera  attradio  verfus  aliud  centrum  intra  fiu- 
entum fumtum,  quae  in  quavis  feftione  fluenti  revolutionis  perpendicula- 
rrter  per  centrum  exterius  fafta,  fit  alicui  diftantiae  a  centro  interiori  dig- 
nitati proportionalis :  invenire  figuram  quam  fluentum  induct- 
Fig.  162*  Solutio.  Sit  A  D  P  ^  J  QJV  feftio  fluenti  gy rantis  circa  axem  A  \  per 

planum  revolution!  reftum  quod  tranfit  per  centrum  y  fafta.  Sit  y  cen- 
trum virium  centripetarum  extra  fluentum  fumtum  ;  &  C  centrum  ver- 
fus quod  partes  fluenti  attrahuntur  in  fedione  fumtum. 

Ut  fluidi  partes  in  aequilibrio  maneant,  oportet  pondus  cujufque  co- 
lumnas  C  D  tum  a  gravitate  verfus  y,  tum  verfus  C,  turn  a  vi  centri* 
fuga  ortum,  idem  ubique  maneat. 

Sit  ergo  gravitas  in  A  verfus  7,  data  &  =  ?r,  gravitas  in  A  verfus 
C,  data  &=/>,&  vis  centrifuga  in  A,  etiam  data  &  =/.  Sic  A  C 
=  ^,  Cyz=,bj  cg  =  r'9  finus  ang.  DCP=:i&pro  radio  =:  i  ;  crit 
GL  =  Ar,  &ey  demiflTa  perpend iculari  y R  in  radium  C D produc- 
tum,  eritCR=:/>*,  &yG  =  (p«ri2'n  Elem.  lib.  2.)  •  {bb-h 
ibbr-i-rr.) 

f  m 

Jam  cum  fit  gravitas  in  A  verfus  y  =;7r'  5  dicendo  t.  t  : :  (^ -f-  i) 


Xm 


(bb  +  ibbr+rr)"^      habebitur      gravitas     in     G     feu 


T   ni 


JLm 


T  {bb  +  2bbr'hrr)  * 

(a-hb)^ 

*     t* 

Et  ut  verfus  C  derivetur,  dicatur  ».  » : :  Gy.  GR,  vel 

»  (hb'h2hbr-hrrf'" 
(a  +  b)'^ 

unde 
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unde  habetur  vis  ab  attraftione  vcrfus  y,  derivata  vcrfus  C,  feu 

y=  ^  '  It. 

Habetur  infuper  (cum  gravitas  in  A  verfus  C,  fit  =/>)  gravitas 

in  G  verfus  C  = ;  Gravitas  ergo  tota  verfus  C  ex  gravitatibus 

a"" 

T.(bb)(bb+2bbr+rrr? 
ambabus  verfus  y  &  C  orta  habebitur  =  ■ 


{a  +  b) 

H — -;    . 

an 

Nunc  cum  fit  vis  ccntrifuga  in  A,  =/ j  diccndo//: :  ^i-f-  J.  J  •+• 

f(b  +  br) 
b  r,  habetur  vis  centrifiiga  in  G  feu/si  --^    ■ — ^ ;  &  ut  pars  iftiOt 

a  +  b 

vis  qu2e  verfus  D  trahit  inveniaturj   fiat  /./"::  GH.  GK,  vd 

f(b  +  br) 

— — .  y.' :  1 .  h  5  unde  habetur  vis  gravitati  verfus  C  oppoGta 

a+b 

fb(b  +  br)  . 

feu  7= -. 

a+b 

Vis  ergo  verfus  C  ex  omnibus  his  viribus  refulcans,  erit 

vibh-hr)  (bb-hibbr'+^rryir    pr''        fb(b  +  br) 

(tf  +  *)"*  ^a  a  +  b 

Concipiendo  ergo  ut  in  primo  problemate  columnam  C  D,   ex  in- 
finitis  cylindrulis  r  compofitam  habebitur  1-^    /^^  (j  ^  -^  ^j  {bb'+- 

ibbr-hrr)    *     pr^      fbQr^br))     . 

* "  ■  ^"<— » —  '/    r,  quod  jequari  debet  ali- 

*)«  <«  «+* 

X  X  a  cui 
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cui  conftanti  ponderi.  Erit  ergo I 

fr"  +  ^         fbhr       fbhrr 

(n-\- i).  a""      a-^b      2.(a-hb) 
Ut  corrigatur  haec  sequatio,  oportct  quando  i  =  i,  efle  r  =:  tf ;  tunc 
v  (a+  b)      pa       fab        faa 

ergo  habetur-      — ■     ^+- —  —  ■  =  A.  Et  aequa- 

wH-i        n+i     a+b    2(a-hb) 

^{bb  +  2bhr'hrr)—r'  pr^^^          fbhr 

tiocorefta,  erit                                             I  ■              •  —        ,m  — 

(m+i).  {a  +  b)^  (n+i)an       a-i-b 

fhbrr        ^{a-hbf       pa          fab  faa 

2(a-hb)  w+i       «-f-i         a-^b       2(a  +  b) 

Vel  fcribendo  c  pro  ^ -+-*,  &  q  pro  (m-h  i)x(n-h  i)  2  (»-f-  i) 

in+  1 

^  a""  (bb'h2  bbr  +  rr)~  +  2  (m+  i)  pc^r^^^  —  2  q  fa^ 
bc^-^  br  —  qfa^  ^"*~'  Ai&r  r  =  2  (n-^h  i)  cr  a^^mf  -f-  2  (»i4-  i^ 
pa"^^  c^ —  2  qfa^^^  bc^''^  —  qfa^'^^c°^\ 

Patet,  in  pmnibus  hypothcfibus,  fcftionem  fluenti  efle  curvam  algc- 
braicam,  exceptis  tantum  hypothefibus  attraftionis  verfus  y  vel  verfus 
C  in  ratione  fimplicis  diftantiae  invcria  >  nam  fi  fie  tantum  w  = —  i, 
habebitur  pro  feftione  fluenti 

vi^-^b)  ^rnti      /Ji&r      fbhrr 

. L  {bb+2bbr  +  rr)'^ 


crf^+&)  />a         /tfi  faa  vc 

= L  (a-+-  ^>H- .  vel. L 

2  »rf-i        a^b  2(arhb)  2 

rj^+2ji&r  +  rr    \               ;>  r^^^*            /*)>r      fbbrr 
j- H- h ^^ 

pa  fabfa'c 


n-+r  I  c       2  c 

xn+i 

^(bb+ 2hbr-hrr)'T' 
Et  fi  tantum  »  =  —  i^  habebitur  -  -f- 

/ii&r       fbbrr  ^(a-hb)  fab 

pahr^-'^ -— - — -7  =  — -i-paha 

a+b     2(tfHh^)         m-i-i  a  +  b 

V -    .  f^a 
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faa  vr    \  ^^hb-\-2hbr'+'rryT' 


2  ftf  +  b)  \    a/  (m-hiy  c^ 

fbbr         fbbrr  ntc  fab       faa 

'        c  2c  in+ 1  c  2C 

'^(a+b) 
Scd  fi  fint  fimul  ^  =  —  i,  &«  =  —  1,  habebitur     — —     ,-   L 

2 
fbbr     fbbrr         ^(a-hb) 

(bb^2bbr  +  rr)'+'pahr =: 

a-^b      2{a'+'b)  2 

fab  faa  ^c 

L  {a-hb)^-hpaL,a .  vel  — L 

a-hb       2(a+b)         2 

(bb'h2bbr-hrr\                  X  ^  \       fbbr         fbbrr 
)+paI.  (-)  = +' 
cc               y                    V  ^^             ^                  2c 
fab        faa 


c  2  c 

Si  defidfretur  a?quatio  fedionis  fluenti  per  coordinatas  rcdangulas  ; 
faciendo  C  E  =  ^  &  D  E  =:y  habebuntur  duas  aequationes  r  r  =:  x  ^  •+• 
yy  &irrzy,  auarum  ope  exterminabuntur  r  &  A  ex  asquationibus  fu- 
pra  inventis  ;  &  habebitur  pro cafu  generali,  2  {n^  \)  tf  a''  (b  b -\- 

ni+  I  '•    n  +  i 

2  n 

2 ^y-hyy-+-yy)  -f-2(f;j-I-  i) jp r«  f^^  +  y y)  — 2qfa^bc^—^ 
'y  — y/iijn  r"-^'  yy  =  2  («-+-  I )  t  a"  f^+'H-  2  (f»H-  i)pa^^i  c^ — 
2  qfa^  + '  b  c^*^^  —  ?/^" ^ '  r»— '• 

Et  eodem  modo  in  cafibus  wi  =  — i,  »= —  i,  reperiencur  sequa- 
tiohes  per  coordinatas  rcftangulas. 

•     l?t-curvam  P  A  Q^invenimus,  ita  quoque  invenietur  curra  P^Q^ 
fiiutatis  mutandis.     Nam  tunc  fi  fit  gra vitas  in  a  verfus  y  data  &  =«•, 
gravitas  in  i'^crfus  C  =/>,  vis  centrifuga  in  ^j  ==:/ j  Cazr^a.  Cy  = 
F,C^=r,  gl  =  brj  &Cyg  =  \/  {bb — 2  ^ £> r  +  r r)  invenietur gra- 

vitas  in  g  verfus  C,  ab  attraftione  verfus  y  orta,  ^  — 

^(^bb—r)  {bb'—2bbr-hrry^' 

(b  —  a)^ 

pr^ 

Habetur  infupcr  gravitas  in  g  verfus  C,  ^  = . 

a"" 

Sic 
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Sic  etiam  vis  cefttriftigae  pars  in  g  qus  trahit  verfus  C  invenictur/= 
fh  (b^br.) 

b  —  a' 
Scd  hs  pofteriores  vires  nunc  primae  opponantur.   Habebitur  ergo 

-r^  />  9{—bb-{-r)(bb  —  ibhr-\-rr)-^-         fr^ 

r  ( +  — + 

V  {b  —  a)™  «" 

il!:^Zl!T\  r^  A.  Unde deducitur"'-(^^-^^^^+^03^+ 

fir»t»  fbhr         '  fhbrr  -t  (b—a)  pa 

.• 4-  . — : .,- = -*-   -f. 

(wH-i)<i»  b—a  2  (b  —  a)  m-h  i  n-hf. 

fab  faa 

h  —  a  i(h  —  a) 

Et  in  cafibus  w  == —  i,  «  =  —  i,  invenientur  ut  fupra  aequationes 
fcftionum,  debicis  tancum  fignis  mutatis. 

Et  per  has  aequationes  radiales  invenientur  sequationes  ad  coordina- 
tas  ut  faftum  eft  pro  curva  P  A  Q^ 

Et  cum  pondus  columnse  tarn  in  fuperiori  quam  in  inferiori  cunrai 
dcbeat  idem  efle,  habebitur  asquatio  inter  pondus  A  in  curva  fuperkv 
ri,  &  pondus  in  A  inferiori,  ex  qua  determinabitur  Ca  pro  determi* 
nata  OA,  &  fic  fefbio  fluenti  inte^ra  determinabitur. 

Qu»cunque  fit  hypothefis  gravicatis,  fcmper  pro  dato  angulo  DCP, 
radius  C  D  obtinen  poteft  dats  longitudinis,  &  He  figura  fluenti  vd 
craQior  vel  tenuior  fiet,  &  quidem  modis  infinitis  ;  pcmendo  in  aequa- 
tione  pro  bUr  valores  determinates.  Sic  fieri  ooteft  ut  punda  P  8c 
Q^coeant,  fcribendo  o  pro  ib  &  r ;  &  tunc  fedio  fluenti  ex  duabus  ov»- 
Jibus  figuris  in  C  jundis  conftabit.  Nam  infinite  rationes  inter  «^  p^ 
&/qux  ad  id  efficiendum  conveniunt,  obcioebuntur.  • 

Si  ex,  grat*  ultimum  hoc  defideretur,  nempe  uc  P  &  Q  cocanc  ia  C, 
habebitur  a  {n-hi)  w  i«  +  «  =2  ( n-h-i  )  m  ^t«H-2  («H-i  ) 
fac^  —  a  j/tf  h c™rr'  —  j/«  « f "^'.  Undc  diciuntur  infinitae  mo- 
ncs  inter  «",  p,  &/. 

Si  ponatur  gravitas  turn  verfus  y,  tum  verfus  C  fimplici  diffaumje  a 
ccntro  proportionalis ;  fedi  fluenti  crit  conifeftio.  Et  fi  tunc  defidor* 
tur  ut  pun Aa  P,  QJk  C  coeant,  figura  ex  duabus  EHipfibus  in  C  janc- 
tis,  conftabit. 

Nunc  fi  diftaniia  C  y  evanefcat,  vel  duo  centra  coeant ;  crit  *=»,  & 
^rrj  *>  &  fluentum  fict  Tphaerois. 

Si inluper ponatur «i=ih  ^vs^,  njuatio generaiis  1 
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cnti  fiet  2  p rn t '  —  (» -+■  i)fa^-'' hhrrz=i{% p—nf-^f)  W^.  Vel 

(rX       fhhrr 
—   )  = —  fay  ut  invcnimus 
a  /             a 

in  prime  problemate  quod  eft  iftius  cafus  tantum  fpecialis. 

IV.  In  pervolvendo  Opere  Petri  Antonii  Michelottu  de  feparatione  Of  the  Motion 
fluidorum  in  corpore  animali,    qui  Venetiis  nuper  ad  nos  delatus  eft,  'f  running 
pluribus   in  locis  Diffcrtationem   meam  de  Motu  aquarurxi  fluenti-  ^'''^''''  h 
um,  in  Aais  Philofoph.  1^^  355.  ante  aliquot  annos  editam,  non  le-  r.^s^Scct? 

•  viter  notatam  deprehendi.     Cum  autem  alia  ex  iis,  quae  reprehen-  N.  ^73. 
dit,  ex  minus  perfpedo  Diflertationis  meae  inftituto  profefta  videan-  P-  »79- 
tur  5  alia  vero  ita  demonftrari  poflint,  ut  ipfum  ea  mihi  non  difficulter 
conceffiirum  putem  :  operae  prctium  erit,  fi  primo  in  loco  Differtatio- 
nes  meae  propoficum  &  confilium  paulo  luculentius  exponam  ;  quod 
cum  fecero,  ad  reliquadeinceps  breviter  expendenda  progrediar. 

Principio  igitur  expUcandum  eft,  quid  in  Diflertatione  ifta  intelli- 
gcndum  velim,  per  Motum  Aquce  ex  imi  vafis  foramine  dejluentis.  Eft  # 
enim  alius  Motus^  five  quantitas  MotuSj  Aquae,  quae  ex  vafe  per  fora- 
men delabitur  -,  qui  Mofus  eft  in  ratione  compofica,  ex  ratione  quanti- 
tatis  aquae  dato  quovis  tempore  effluentis  ex  foramine,  &  ratione  velo- 
citatis,  quacum  effluit.  Alius  vero  eft  Motus  totius  aqua?,  feu  Cata- 
raftae  aqueae,  qu«  intra  vas  verfus  foramen  defcendit,  &  mox  efflux- 
ura  eft.  Hie  eft  in  ratione  fummae  omnium  fadorum,  ex  fingulis 
aquafe'  particulis,  Cataraftam  conftituentibus,  duftis  in  velocitates  ea- 
rundcm  refpedivas.  Quorum  Motuum  cum  alterum  faepe  pro  altero 
accipi  viderem,  animus  mihi  erat  pofteriorem  ilium  in  praedifta  Difler- 
tatione illuftrare,  ad  calculum  revocarc,  &  liquoribus  in  Animalium. 
corpore  fluentibus  applicare. 

Hie  ergo  cum  femper  mihi  intelligeretur  per  Motum  Aqua  defluen- 
tisy  five  per  Motum  Aquarum  fluentium^  quod  ex  omnibus  meis  Pro- 
pofitionibus  luculcnter  apparet,  jure  meo  dicere  poteram  Motum  hunc 
a  nemtne  adhus,  quod-fcirem'^  fuijfe  determinatum :  quippe  quem  nemo 
Mathematicorum,  quos  quidem  ego  viderim,  nee  etiam  verbo  tcnus 
attigerit.  Quod  cum  ita  fie,  miror  prpfedo  non  animadvertiffe  neque 
acutiflimum  Michelottum^  nee  etiam  rubtiliffimi  &^erfpicacifiimiln- 

«genii  Virum,  Johannem  Bernoullium^  me  in  illius  Diflertationis  Prooe- 
mio,  quod  totics  cirat  &  tantopere  reprehendit  Micbeloitus^  ne  ver- 
bum  quidem  fcripfifle  de  velocitate,  quacum  aqua  effluic  ex  foramine^ 
multo  minus  de  BernouUiana  determinatione  illius  velocitatis.  Hoc 
fi  perfpexiflet  Vir  CI.  noluiflet  fane,  pro  fua  humanirate,  tam  incle- 
menter  &  inique  mecum  agere,  ut  me  Bernoullianam  Demonjirationem 
extenuare  verbis  conari  *  diceret,  &  meram  ejfe  cavillationem  id,  quod 
BernouUio  objiciam.     Quod  vero  fubjicit,  verba  ifta  mea,  *'  fieri  om- 

P«g.  i3»*  132. 

^  nine 


nA2  Motion  of  running  Waters. 

«'  nino  non  poffe,  ut  Motus  aliquis  cum  ponderc  quiefccnte  confera- 
**  tur,**  ne  umhram  quidem  habere  rationis  contra  BernoulHafiam  D^- 
fnonjiratidnem  pugnan(is,y  libens  agnofco,  quippc  qui,  cum  ifta  fcri- 
bcrem,  tantum  de  BernouUio,  quantum  de  Sinenfium  Imperacore  cogi- 
tabam.  Aio  autem  Leftorem  quemvis  non  iniquum,  neque  praejudi- 
ciis  occupatum,  nt  umbram  quidem  vcnRjxiiVitudmisre^Ttunim^  quod 
ifta  verba  ad  Bernoullianam  Demonftrationem  quicquam  pcrrineant , 
quibus  fcilicet  de  re  longc  diverfa  agatur,  nempc  de  quantitate  Motus 
totius  aquae  verfus  foramen  contendentis.  Qiioniam  vcro  ita  penitus 
infcdit  animo  Viri  Doftiflimi  ilia  Demonftratio,  eandem  in  illius  grati- 
am,  ubi  prius  meipfum  ab  neliquis  ejus  Animadvcrfionibus  vindicavero, 
ad  examen  revocare  decrevi. 

Ad  Motum  praedidlum  definiendum  non  alio  nobis  opus  erat,  quam 
Theoremace  noftro  general!,  quod  tertio  loco,  pofuimus;  fed  cum 
Curvae  Hyperbolicae  Newtonianas  proprietatem,  qua  Cataradam  a- 
quae  defcendentis  format,non  IndignamcenferemuscontemplationeGeo- 
metrarum,  voluimus  obiter  quoedam  de  Cataradla  ilia  praemittere. 
Hanc  autem  ex  Viri  Incomparabilis,  Prop.  36.,  Lib.  2.  Princip.  dc- 
fumptam  proponebam,  non  uc  ^;^  Tripode  editanty  fed  evidcntia  Mathe- 
^       matica,  omnibus  oraculis  c^rciore,  munitam. 

Quod  enim  Catarafta  talis  formari  debeat  ex  aqua  liberc  defcendcntc, 
&  accelerata  in  modum  corporum  omnium  gravium,  quam  nulla  alia. 
aqua  circumcingatur,  aperta  res  eft ;  ut  patet  Newtoni  Propofitionem 
attente  perlegenti.  Si  etiam  Catarafta  glacie  concava,  figurae  Cata- 
ra<Ela5  aquese  adamuffim  congruente,  &  propter  fummam  polituram 
nullam  refiftentiam  adfcrente  ambiatur  ;  ea  glaciem  ne  minima  quidem 
vi  premet,  fed  tangct  folum  liberrime  cadendo,  unde  nihil  mutabitur 
non  modo  in  figura,  fed  nee  etiam  in  velocitate  Cataradbx  defcenden- 
tis. At  fi  circumpofita  Glacies  in  aquam  refolvatur,  neutiquam  jam 
opus  eft  tanto  Machinarum  &  Arietum  validijfitnorum  apparatu,  qjios 
magno  molimine  *  adduxcrunt  tum  ipfe  Vir  CL  tum  etiam  Geometra 
Eximius,  Johannes  BernouUiuSj  ad  fragilem  noftram  Catara£lam  con- 
fringendam  £5?  comminuendam ;  quippe  quam  ipfe  prius  Newtonus  hifcc 
verbis,  '\  Liquefcat  jam  glacies  in  vafe\  i^c,  diffolverit  penitus  ac  dif- 
fipaverit.  Nullo  igitur  aut  Genio  nobis  opus  eft,  aut  Erytbrai  Maris 
Miraculo^  ad  Cataraftam  iftam  five  indicandam,  live  confcrvandam, 
quippe  qui  non  adeo  ufque  ftolidi  aut  infulfi  fimus,  ut  confervatum  iri 
earn  fperemus  ab  omni  aqua&  circumpofitas  communionepuram  &  illi- 
batam.  Ignofcat  autem  nobis,  pro  a^quicate  fua,  Michelottus^  quod, 
quae  Providentiffimus  Newtonus  de  glacie  ambiente,  &  eadem  poftea 
in  aquam  refoluta  fufius  tradiderit,  ea  nofmct  Ledlorem  ex  ipfo  potius 
Auftore  petere  voluerimus,  quam  ingrata  &  minime  nobis  neceffaria 
repetitione  detineri. 
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Non  diffiteniur  fane  paulumdifcriminis,  ut  id  obiter  notemus,  inter 
cafum  a  Newtono  pofitum  &  noftrum  interefle.  Quern  enim  fingic  illc 
Cylindrum  glaciei,  velocitate  data  uniformi  defcendentem,  ac  Jique- 
fcentem  &  in  aquam  converfum,  quam  primum  fuperficiem  attingit  a- 
quae  vafe  contentae,  in  eum  fcilicet  fincm,  uc  vas  femper  asque  plenum 
confcrvetur  5  hunc  nos  omifimus,  &  ejus  loco  fuperficienii  aqua?  infini* 
tarn  pofuimus,  ut  ea  ratione  integrum  Solidum,  five  Cataraftam  Hy* 
perbolicam  repraefentaremus.  At  hasc  pofitio  nihil  mutat  nequc  in 
velocitatf,  nee  in  Motu  aquae  decurrentis. 

Quod  autem  *  ait  Vir.  CI.,  me  fumere^  quod  eft  in  contentione^  &  pau- 
lo  infra,  cejfare  igitur  quceftionem^  6f  Mam  Demonftrationem  abire  in  • 

H'jpotheftny  non  meherculc  intelligo,  quid  fibi  velit.  Mihienim,  in 
loco  citato,  nulla  movebatur  quaeftio  de  velocitate  aquae  effluentis,  nee 
demonftrationem  ullam  de  ea  vefocitate  adferebam,  fed  id  unum 
agebatur,  ut  ex  pofita  ilia  velocitate -SEquationem  Curvfc  Hypcrboli- 
cas  Newtonianae  deducerem.  Velocitatem  nempe  aqua?  effluentis  jam 
ante  determinaveram,  vel  etiam,  fi  placet,  fumpferam,  pofitis  fcilicet 
lis,  quae  a  Newtono  pofita  fuerant,  aquam  nempe  gravitatis  vi  liberc 
cadere,  &  inter  cadendum  accelerari.  Hoc  autcm  qui  fieri  poflfet^ 
prius  tradiderat  Newtonus^  ponendo  aquam  per  glaciem  politiflimam 
ambientem,  vel  etiam  per  eandem  in  aquam  folutam,  fed  quietem 
adhuc  fervantem,  tanquam  per  infundibulum,  fine  ulla  refiftentia 
tranfire  5  quod  in  eum  finem  ponebatur,  ut  fimplicior  &  magis  Mathe- 
matica  redderctur  Problcmatis  folutio, 

Libet  hie  loci,  propter  argumenti  affinitatem,  erroris  meminifl!e, 
cujus  Newtonum,  Hugenium,  Keillium  temere  nimis,  uti  nobis  videtur, 
ex  Bernoullianae  demonftrationis  fiducia  i"  hicufat  Micbelottus ;  quod 
fcilicet  vim,  qua  totus  aquae  exilientis -Mb/z/jgeneraripoteft,  aequalem 
ftatuerintponderiCylindricaBColumnae  aquae,  cujus  bafis  eft  foramen, 
cujufque  altitudo  dupla  eft  altitudinis  aquae  vafe  contenta;.  Hanc  pau- 
cis  admodum  verbis,  nee  tameil  idcirco  minus  perfpicue,  demonftra- 
vit  Newtonus  in  Corollario  fecundo  Propofitionis  fupradidbe.  Pocuif- 
fet  alia  quoque  deduci  demonftratio  ex  contemplatione  Catarad«  inte- 
grae  Hyperbolicae,  quae  huic  Cylindro  aequalis  eft,  cujufque  pondus 
totum  in  aquae  defcenfum  impcnditur :  fed  hae  minime  opus  eft,  cum 
idem  ex  ipla  Propofitione  Bernoulliana,  quam  totics  laudat,  ac  tarn 
vehementer  defendit  Micbelottus^  apertiffime  fequatur.  Id  nullo  ne-  . 
cotio  animadvertet  Vir  DoSijJimus^  fi  fepofita  parumper  Columnae 
foramini  incumbentis  confideratione,  calculo  inftituto,  ex  mole  aquae 
dato  quovis  tempore  ex  foramine  effluentis,  &  ex  velocitate,  quacum 
aquam  effluere  ftatuit  BernouUius^  ejus  aquas  Motum  determinare  volu- 
erit,  &  deinde  pondus  invenire,  quod  eodem  dato  temporis  fpatio,  li- 
bera cadendo  gravitatis  vi,  eandem  Mot  us  quantitatem  generare  poflit. 
Hoc  autem  pondus  reperiet  ponderi  duplse  Columnae  aquae  foramini 
infiftentis  aequale,  prorlus  uti  definivit  Newtonus  in  Corollario  prasdic- 
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to.  Idem  vcro  pondus,  alteri  Librae  Radio  appenfum,  ab  impetu  a- 
quns,  cum  primumex  foramine  cffluit,  continuato  rivo  in  alterum  Li- 
brnc  sequalem  Radium  impmgentis,  atque  ftatim  poft  impulfum  dela- 
bentis,  in  quicte  fuftinebitur ;  quod  pbfico  calculo  facile  patebir. 

Videor  mihi  non  malam  gratiam  a  Michelotto^  initurus,  11  alcero 
infuper  *  prasjudicio,  quo  &  alios  plures  teneri  video,  ipfum  libcrave- 
ro.     NewtonuSy  Prop.  ^y.  Lib.  2.  Princip.  prima  editionisy  aquam 
demonftravit  ex  foramine  in  fundo  vafis  ea  cum  velocitate  erumpere, 
qua  aflurgere  poflit  ad  dimidiam  altitudinem  aquae  in  vafe  exiftentis. 
Dcmonftrandi  rationem  nemo  refcllit ;  conclufionem  plures  redarguunr. 
Experientia,  inquiunt,  contradicit,  qua  deprehenditur  aqua  exiliens  ad 
totam  altitudinem  aflurgere  :  quin  eciam  Newtonus  ipfe  in  Problema- 
tis  ejufdem  folutione.  Prop.  36.  Lib.  2.  editionis  fecunda^  earn  tribuic 
aquje  velocicatem,  qua  ad  totam  altitudinem  profilire  poffit ;  adeoque 
ipfe  fibi  contradicere  videtur.     Atqui  fi  res  ifta  accuratius  &  cum  ju- 
dicio  perpendatur,  repccietur  primae  folutioni  NewtoniaruB  &  cum  fe- 
cunda,  &  cum  experientia  ipsa,  optime  convenire.     Nam  in  fecunda 
folutione,  aquas  venam  exilientem,  ad  parvam  a  foramine  diftantiam 
contradliorem  diametro  ftatuit  Vir  Perfpicaci£imuSy  quam  in  ipfo  fo- 
ramine, in  ratione  21  ad  25.     Eft  itaque  feftio  venaa  in  ca  diftantia, 
ad  foramen  ipfum,  ut  2»i  x  21,  ad  25  x  25,  h.  e.  ut  i  ad  i/  2  proxime. 
Cumque  eadem  aquas  quantitas,  five  per  foraminis,  five  per  venae  con-^ 
traftas  feftionem,  dato  tempore  perfluat,  &  proinde  velocitates  aquas 
in  iis  feftionibus  fint  in  ratione  ipfarum  fedlionum  reciproca  5  erjt  ve- 
locitas  in  foramine  ad  velocitatem  venae  contraftae,  ut  i,  ad  •  2;  pro- 
inde, fi  ea  fit  velocitas  venae  conicraftae,  qua  aqua  profiliatad  integram 
altitudinem  aquas  in  vafe,  non  major  erit  aquae  velocitas  in  ipfo  fora- 
mine, quam  qua  ad  dimidiam  altitudinem  deferatur.     Confentiunt  ita- 
que inter  fe  has  duas  folutiones  ;  &  experientia  porro  cum  iifdcm  con- 
leniire  deprehenditut.     Nam  fi  per  alterutram  earum  folutionum,  ex 
definita  velocitate,  qua  aqua,  five  per  foramen,  five  per  venam  con- 
traftam,  tranfire  ftatuitur^  calculo  inftituto  inveniatur  quantitas  aquae 
tffluxurae  ;  reperietur  eadcm  cum  quantitate  aquae,  quae  per  experi- 
menta  effluere  deprehenditur,  proxime  convenire.     Certc  experiment 
turn  ab  ipfo  Newtono  fumptum,  adhibito  foramine,  cujus  diameter 
erat  quinque  oftavarum  digiti  partium,  huic  calculo  refpondit  5  ut  cti- 
am  alia  plura  experimenta  minoribusdiametrisL(?;/i/>z  fafta,  quibus 
ipfe  cum  pluribus  Regiae  Societatis  Sodalibus,  ante  aliquot  annos  opc- 
ram  dedi.     Abludunt  quidem  aliquantum  f  Poleni  experimenta,  fed 
tamen  minorem  aquae  quantitatem  exhibent,  quam  fecundum  hunc  cal- 
culum,  nunquam  majorem,  forte  quod  angiiftiora  fuerint  vafapro  ra- 
tione amplitudinis  foraminum.  . 

Supereft  adhuc  nobis  confideranda  J  Animadverfio  una,  five  potiiis 

Scrupulus  Viri  CI.  ex  eo  natus,  quod  in  Coroll.  17.  Theorem.  3.  Diflir- 

tationis  praediftae  majorem  ftatuimus  Motum^  five  Impetum^  fanguinis 

in  Arteriis  omnibus  capillaribus  fimul  fumptis,  quam  in  ipsa  Aorta. 
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Hoc  ut  CTcplicet  ille  ncfcio  quam  Hypothefin  ripbis  affingit,  de  majorC' 
fanguinb  denfitate  in  capillaribus  Arteriis,  quam  in  Aorta.  Nos  vero 
nallam  ejufmodi  condicionem  pofuimus,  fed  Corallarium  dcduximusex 
Theoremate  prscccdente,  in  quo  agitur  de  Motu  aqung  per  Canalem. 
{^cnum  quemcunq;  fluentis  :  unde  patet  fanguincm  non  aliter  confide- 
rari  in  noftris  Corollariis,  quam  quatenus  fiuidus  eft  &  aquam  asmula- 
tur.  Sed  patet  indc  provenire  Scrupulum  Viri  CI.  quod  per  fanguinis 
Jmpeium  intelligat,  quantitatem  Mom  ejus  effeSiam  ex  muUiplicatione  ve- 
locitatis  per  maffam  data  tempore  transfluentem.  Atqui  hie  longe  alius  eft 
ac  nofter  fanguinis  Motus^  five  Impetus^  quippe  qui  in  ifto  Theorematc 
(Bqtialis  ftatuitur  Motui  tnolis  aqua^  qua  dato  quovis  tempore  effluit  ex 
Candid  cujufque  eafit  velocitas^  qua  percurratur  eodem  dato  tempore /pa- 
tium  aquale  tongitudini  Canalis.  Facile  autem  ex  hogThcoremate  fluit 
CoroUarium  praedi^lum,  quippe  cum  dato  tempore  transfluat  eadem  , 

fanguinis  moles  per  Aortam  &  per  Arterias  capiliares,  major  autem  fie 
Caijalis  longitudo  ex  AortS  &  Arteriis  capillaribus  compofiti,  quam 
Aortae  folius.  Hoc  eolibentius  notavi,  quod  videam  non  folum  Mi- 
cbelottum^  fed  alios  etiam  fcriptores  Mathematicos,  pluribus  in  locis, 
obi  agitur  de  potentiis,  quae  liquorem  per  Canales  eodem  plenos  aut  in  • 
motum  impellunt,  aut  effluentem  fiftunt,  nihil  aliud  confiderare  praeter 
molem  &  velocitatem  fluidi  effluentis ;  quum  debuiflet  etiam  longitu* 
dinis  ipforum  Canalium  ratio  haberi.  Nam  caeteris  paribus,  eo  difH- 
cilius  vel  expellitur  fluidum  ex  pleno  Canali,  vel  in  effluxu  fiftitur,  quo 
Canalis  longior  fiierit ;  quippe  quum  tota  moles  fiuidi  Canale  content! 
in  motum  concitandus  fit,  priufquam  ulla  pars  ejufdem  effluere  poflit 
ex  orificio ;  ficuti  etiam  tota  eadem  moles  neceflario  fiftenda  eft,  fi 
exitum  parti  jamjam  effluxurse  prohibere  volueris. 

Accedo  jam  ad  expendendam  Demonftrationem  de  velocitate  aquas 
tx  foramine  vafis  pleni  effluentis.  In  quem  finem  legi  diligenter  ac 
relegi,  tum  quae  protulit  Afichelottus  de  *  principiis  illius  Demonftra- 
tionis,  tum  ipfam  Demonftrationem  ab  Hermanno  communicatam  in 
A£tis  Lipfienjibus,  Anni  1 7 1 6.  Quae  quamvis  nulla  ex  parte  mihi  fa- 
tbfaciat,  tamen  cum  imbecillitatis  me®  confcius  longe  facilius  accidere 
pofle  fcntiam,  ut  ipfe  a  vero  aberrem,  quam  ut  Virum  nobiliflimis 
inventis  clarum,  &  acerrimo,  fi  quis  alius  ingenio  pollentem,  erroris 
alicujus  redarguam  ;  cundanter  idcirco  &  dubitantius  proponam,  quid 
in  ilia  Demonftratione  minus  firmum  mihi  videatur. 

««  Fundamentum  Demonftrationis  (fcrihit  Vir  CI.)  in  hoc  confiftit, 
**  ut  confideretur  guttula  liquoris  infima,  &  foramini  vafis  immediate 
*'  incumbens,  tanquam  prcfla,  vel  (ut  ego  voco^  animata  a  gravitate 
*«  quadam  acceleratrice  quae  fe  habet  ad  gravitatem  naturalem,  ut  alti- 
**  tudo  aquae  vel  liquoris  totius  foramini  vafis  incumbentis  ad  altitudi- 
"  nem  guttulae,  fcificet  ut  pondus  abfolutum  columnae  aquae  foramini 
"  infiftentis  ad  pondus  abfolutum  guttulae  •,  Sic  quippe  nihil  aliud  re- 
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»^4.  Motion  of  runntmg  Waters. 

to.  Idem  vcro  pondus,  alteri  Librae  Radio  appenfum,  ab  impetu  a- 
qure,  cum  primum  ex  foramine  effluit,  continuato  rivo  in  alterum  Li- 
bras cequalem  Radium  impingentis,  ataue  ftatim  poft  impulfum  dela- 
bentis,  in  qaicte  fuftinebitur  -,  quod  pt)fico  calculo  facile  patebir. 

Videor  mihi  non  malam  gratiam  a  Michelotto^  initurus,  fi  alcero 
infuper  *  pr^judicio,  quo  &  alios  plures  teneri  video,  ipfum  libcrave- 
ro.     Newtonus^  Prop.  37.  Lib.  2.  Princip.  prima  edilionisy  aquam 
.    demonftravit  ex  foramine  in  fundo  vafis  ea  cum  velocitate  erumpere, 
qua  aflurgere  poflit  ad  dimidiam  altitudinem  aquae  in  vafe  exiftentis. 
Demonftrandi  rationem  nemo  refellit ;  conclufioncm  plures  redarguunr. 
Experientia,  inquiunt,  contradicit,  qua  deprehenditur  aqua  exiliens  ad 
totam  altitudinem  aflurgere  :  quin  eciam  Newlonus  ipfe  in  Problema- 
tis  ejufdem  folutione.  Prop.  36.  Lib.  2.  editionis  fecunda^  earn  tribuit 
aquje  velocitatem,  qua  ad  totam  altitudinem  profilire  poffit  5  adeoque 
ipfe  fibi  contradicere  videtur.     Atqui  fi  res  ifta  accuratius  &  cum  ju- 
dicio  perpendatur,  repcrietur  primae  folutioni  Newtonianis  &  cum  fe- 
cunda,  &  cum  experientia  ipsa,  optime  convenire.     Nam  in  fecunda 
folutione,  aquae  venam  exilientem,  ad  parvam  a  foramine  diftantiam 
contradliorem  diametro  ftatuit  Vir  Perfpicaciffimus^  quam  in  ipfo  fo- 
ramine, in  ratione  21  ad  25.     Eft  itaque  feftio  venae  in  ea  diftantia, 
ad  foramen  ipfum,  ut  2-1  x  2 1,  ad  25  x  25,  h.  e.  ut  i  ad  i/  2  proxime. 
Cumque  eadem  aquae  quantitas,  five  per  foraminis,  five  per  venae  con-^ 
traftae  feftionem,  dato  tempore  perfluat,  &  proinde  velocitates  aqute 
in  iis  feftionibus  fint  in  ratione  ipfarum  fedlionum  reciproca  ;  er.it  ve- 
locitas  in  foramine  ad  velocitatem  venae  contraftae,  ut  i,  ad  v^  2 ;  pro- 
inde, fi  ea  fit  velocitas  venae  contraftae,  qua  aqua  profiliatad  integram 
altitudinem  aquae  in  vafe,  non  major  erit  aquae  velocitas  in  ipfo  fora- 
mine, quam  qua  ad  dimidiam  altitudinem  deferatur.     Confentiunt  ita- 
que inter  fe  hae  duse  folutiones  ;  &  experientia  porro  cum  iifdcm  con- 
lentire  deprehenditut.     Nam  fi  per  alterutram  earum  folutionum,  ex 
definita  velocitate,  qua  aqua,  five  ^tx  foramen,  five  per  venam  con- 
tradam,  tranfire  ftatuitur^  calculo  inftituto  inveniatur  quantitas  aquae 
effluxurae  ;  reperietur  eadcm  cum  quantitate  aquae,  quae  per  experi- 
menta  effluere  deprehenditur*  proxime  convenire.     Certc  experiment 
turn  ab  ipfo  Newtono  fumptum,  adhibito  foramine,  cujus  diameter 
erat  quinque  odtavarum  digiti  partium,  huic  calculo  refpondit  \  ut  eti- 
am  alia  plura  experimenta  minoribus-diametris  Z,(?;/i/>/i  fadla,  quibus 
ipfe  cum  pluribus  Regiae  Societatis  Sodalibus,  ante  aliquot  annos  ope- 
ram  dedi.     Abludunt  quidem  aliquantum  f  Poleni  experimenta,  fed 
tamen  minorem  aquae  quantitaternexhibent,  quamfecundum  hunccal- 
calum,  nunquam  majorem,  forte  quod  angiiftiora  fuerint  vafa  pro  ra- 
tione amplitudinis  foraminum.  . 

Supereft  adhuc  nobis  confideranda  "^  Animadverfio  una,  five  potius 

Scrupulus  Viri  CL  ex  eo  natus,  quod  in  Coroll.  17.  Theorem,  3.  uiflcr- 

tationis  praedidlae  majorem  ftatuimus  Motum,  five  Impetum^  fanguinis 

in  Arteriis  omnibus  capillaribus  fimul  fumptis,  quam  in  ipsa  Aorta. 
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Hoc  ut  explicet  ille  ncfcio  quam  Hypothefin  upbis  affinglr,  de  majorc 
fanguinis  denfirate  in  capillaribus  Arteriis,  quam  in  Aorta.  Nos  vero 
nallam  ejufmodi  condicionem  poluimus,  fed  Corollarium  dcduximusex 
Thcoremate  pracccdente,  in  quo  agicur  de  Motu  aquae  per  Canaleni. 
jJcnum  quemcunq;  fluentis  :  undc  patet  fanguinem  non  aliter  confide- 
rari  in  noftris  Corollariis,  quam  quatenus  fiuidus  eft  &  aquam  asmula- 
tur.  Sed  patet  mde  provenire  Scrupulum  Viri  CL  quod  per  fanguinis 
Impeium  intelligat,  quantitatem  Motus  ejus  effeSlam  ex  multiplicatione  ve- 
locitatis  per  maffam  data  tempore  transfluentem*  Atqui  hie  longe  alius  eft 
ac  nofter  fanguinis  MotuSy  five  Impetus,  quippequi  in  ifto  Theorematc 
(gqualis  ftatuitur  Motui  molts  aqute,  qucB  data  quovis  tempore  effluit  ex 
Canaliy  cujufque  eafitvelocitas,  qua  percurratur  eodem  dato  tempore  fpa- 
tium  iequale  longitudini  Canalis.  Facile  autem  ex  hogTheoremate  fluit 
Corollarium  praediftum,  quippe  cum  dato  tempore  transfluat  eadem 
fanguinis  moles  per  Aortam  &  per  Arterias  capillares,  major  autem  fie 
Caijalis  longitudo  ex  Aorta  &  Arteriis  capillaribus  compofiti,  quam 
Aortae  folius.  Hoc  eo  libentius  notAvi,  quod  videam  non  folum  Mi- 
cbelottum,  fed  alios  ctiam  fcriptores  Mathematicos,  pluribus  in  locis, 
ubi  agitur  de  potentiis,  quae  liquorem  per  Canales  eodem  plenos  aut  in  • 
motum  impeVlunt,  aut  effluentem  fiftunt,  nihil  aliud  confiderare  praeter 
molem  &  vclocitatem  fluidi  effluentis  5  quum  debuiffet  etiam  longitu- 
dinis  ipforum  Canalium  ratio  haberi.  Nam  caeteris  paribus,  eo  difR- 
cilius  vel  exjjellitur  fluidumex  plenoCanali,  vel  ineffluxu  fiftitur,  quo 
Canalis  longior  fiierit ;  quippe  quum  tota  moles  fiuidiCanale  content! 
in  motum  concitandus  fit,  priulquam  ulla  pars  ejufdem  effluere  poffit 
exorificio;  ficuti  etiam  tota  eadem  moles  neceffario  fiftenda  eft,  fi 
exitum  parti  jamjam  effluxurse  prohibere  volueris. 

Accedo  jam  ad  expcndendam  Demonftrationem  de  velocitate  aquas 
ex  foramine  vafis  pleni  effluentis.  In  quem  finem  legi  diligenter  ac 
relegi,  tum  quae  protulit  Michelottus  de  *  principiis  illius  Demonftra- 
tionis,  tum  ipfam  Denx>nftrationem  ab  Hermanno  communicatam  in 
A£lts  Lipfienfibus,  Anni  1 7 1 6.  Quae  quamvis  nulla  ex  parte  mihi  fa- 
tisfaciat,  tamen  cum  imbecillitatis  me«e  confcius  longe  facilius  accidere 
pofle  fentiam,  ut  ipfe  a  vero  aberrem,  quam  ut  Virum  nobiliflimis 
inventis  clarum,  &  acerrimo,  fi  quis  alius  ingenio  pollentem,  erroris 
alicujus  redarguam  ;  cundanter  idcirco  &  dubitantius  proponam,  quid 
in  ilia  Demonftratione  minus  firmum  mihi  videatur. 

•<  Fundamentum  Demonftrationis  {fcrihit  Vir  CI.)  in'^tioc  confiftit, 
**  ut  confideretur  guttula  liquoris  infima,  &  foramini  vafis  immediate 
*'  incumbens,  tanquam  prcfla,  vel  (ut  ego  voco^  animata  a  gravitate 
"  quadam  accelcratrice  quae  fe  habet  ad  gravitatem  naturalem,  ut  alti- 
«<  tudo  aquae  vel  liquoris  totius  foramini  vafis  incumbentis  adaltitudi- 
"  ncm  guttulae,  fcilicet  ut  pondus  abfolutum  columnae  aquae  foramini 
•<  infiftentis  ad  pondus  abfolutum  guttulae  •,  Sic  quippe  nihil  aliud  re- 
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ft  4- 1 

Tibb  +  ibhr  +  rrYT' 
cui  conftanti  ponderi.  Erit  ergo  ■         ■■-  [ 

frntx         fbhr       fbhrr 

Ut  corrigatur  haec  aequatio,  oportet  quando  6  =  i,  cffe  r  =  ^ ;  tunc 
'^(a'+'b)      pa       fab        faa 

crgohabetur. -.— H- =:A.  Et«3ua- 

w4-i        »H-i     a+b    2{a  +  b) 

nt{bb+2bhr'hrr)—r'        pr^^^  fbhr 

tiocoreila,  ^'•^'"  |  jl -  

(m-hi).  (a  +  b)^  (n-hi)aii       a-fb 
fhbrr         ^C^  +  i)         pa          fab  faa 

2(a-hb)  m-+'i       »-f-i         a-^b       2  (a-hb) 

Vel  fcribendo  ^  pro  ^ +  *,  Sc  q  pro  (m+  i)x(n-h  i)  2  r»-f-  i^ 

^  tf°  (i  J  +  2  JAr  +  rr;"T"H-2  (w-f-  i)  />r«r  "ti  _  2  a  fan 
b C^"^  b r ~ qf  a^  c^-^  bbrr  =  2  (»+i;  cra«^»ti  +  2  (wH- i  > 
^  ^nf  1  ^m —  2  qfa^\  ^  bc^'^^  —  qfa^'^^c°^\  ^ 

Patet,  in  pmnibus  hypothefibus,  ftftionem  fluenti  effe  curvam  alge- 
braicam,  exceptis  tantum  hypothefibus  attraftionis  verfus  y  vel  verfus 
C  in  ratione  fimplicis  diftantise  invcrla  3  nam  fi  fic  tantum  m  =;—  i, 
habebitur  pro  fcdlione  fluenti 

-L  (bb'^2bbr-i'rr)  -4- — 


2      • 


i^(a-hb)  pa         fab  faa  ^c 

2  nrhi        a-hb  2QH-b)  2 

rbb-h2bbr'i'rr    \  p  r^^^>  fbhr      fbbrr 

pa  fab  fa'c 

»"+•  I  C  2V 

EC  ft  tantum  »  s=  —  i,  habebitur  -  . . j. 

pahr^^ . L.  ss -f-p^jLa—  - 

'      ^  fsa 
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faa  yr    \  ^(bb-hz  bbr-hrr)''T^  ^ 

— -jf— •  vtlpahf  —  y  =  —  ,  4* 

2  (tf  •+■  ^)  \     ^  -^  (W  +  I  X  ^m 

/Ji>r         fbhrr  ntc  fab       faa 

■'    '  "T"  ■        '  ■       ■   "T"     ■         '  •'        *  —  '      ' 

C  2  C  f»+  I  ^  2  C 

'^(a+bj 
Sed  fi  fint  fimul  w  =  —  i,&»  =  —  i,  habebitur  ,  .   l 

2 

fbbr     fbhrr        w.(a-hb) 

(bb'+'2bbr  +  rr)'+'pa'Lr = 

a-i-b      2{a  +  b)  z 

fab  faa  ^c 

L  (^ -f- b) , "-f-/> alja ■ .  vel  -^ L 

a  +  b       2  (arhb)         2 

(bb+2bbr-hrr\                  X^\       fbbr        fhbrr 
J+i>^L  (  -)= -f- 
cc         y           V  ^y       c          2c 

fab        faa 


c  2  c 

Si  defidpretur  jequatio  feftionis  fluenti  per  coordinatas  rcftangulas  ; 
faciendo  CE=:;tf&DEz=y  habebuntur  duae  aEquationes  r  r  =  x  ;f  H- 
5y  &  i& r^=.  y,  ouarum  ope  excerminabuntur  r  &  A  ex  aequationibus  fu- 
pra  inventis  ;  oc  habebitur  pro  cafu  generali,  2  {n-h  i)  'r  a"^  (bb-h 

m+i  •    n+i 

2  n 

2  ^y-f-yy-f-xx)      +  2  (w  +  i)  />  r«  (xx  +  y  y)      —  2  gfa^  bc^-^i 

iyi^qf^c"^-^^  yy  =  ^  («"+"  I )  '^^"  ^«+i-+-2  (»J+  i)^^  +  x  ^m 

2  y/^"  "*" '  ^  r°^— *  —  j/^**  **" '  r"""'- 

£t  eodem  modo  in  cafibus  ;»=:— -i,  »= —  i,  rcperiencur  sequa- 
tiohes  per  coordinatas  reftangulas. 

Ift-curvam  P  A  Q^invenimus,  ita  quoque  invcnietur  curya  P^  Q^ 
fciutatis  mutandis.     Nam  tunc  fi  fit  gra vitas  in  a  verfus  y  data  &  =:ir, 
gravitas  in  i^erfusC=p,  vis  centrifuga  in  ^  rr:/ 5  Caz=ia.  Cy=z 
J,C^=r,  gl=br^  &cyg=\^  {bb  —  2  J  ib  r  H- r  r)  invenletur  gra- 
vitas in  g  verfus  C,  ab  attrad:ione  verfus  y  orta,  ^  — 
^(^bh—r)  {bb'—2bbr+rr)~ 

(b  —  a)^ 

pr'^ 

Habetur  infuper  gravitas  in  g  verfus  C,  />  =: . 

a"" 

Sic 
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Sic  etiam  vis  cfifitrifbgae  pars  in  g  quae  trahit  verfus  C  invenietur/=i 

•  fh  {b—bx)' 

b  —  a 
Scd  has  pofteriorcs  vires  nunc  primas  opponuntur.    Habebitur  ergo 

m— I 

X7  /  ^r—bb-hr)  (bb  —  2bbr-hrr)-T'         pr^ 

V  {b  —  a)"^  a"" 

fbCb br)^  *»"*■' 

—  J  ;=  A.  Undc deducitur^^^^-^^^^+^^)~ -H 

j>r»ti  fbbr  fhbrr  ^  (b — a)  pa 

(«  +  i)a^  b — a  2  (b  —  a)  m-hi  n-hf 

fab  faa 

b  —  a  i(b  —  a) 

Et  in  cafibus f7i  =  —  i,  »  =  —  i,  invenicntur  ut  fupra  sequationes 
fcftionum,  debitis  tantum  fignis  mutatis. 

Et  per  has  aequationes  radiales  invenientur  asquationes  ad  coordina'* 
tas  ut  fa<5lum  eft  pro  curva  P  A  Q^ 

Etcum  pondus  columnar  tarn  in  fuperiori  quam  in  inferior!  curva 
debeat  idem  effe,  habebitur  asquatio  inter  pondus  A  in  curva  fupcrio* 
ri,  &  pondus  in  A  inferiori,  ex  qua  determinabitur  Ca  pro  determi« 
nata  OA,  &  fie  feftio  fluenti  integra  determinabitur. 

Qufficunque  fit  hypothefis  gravitatis,  Temper  pro  dato  angulo  DCP, 
radius  C  D  obtineri  poteft  datae  longitudinis,  &  fie  figura  fluenti  vd 
craflior  vel  tenuior  fiet,  &  quidem  modis  infinitis  ;  ponendo  in  sequa- 
tione  pro  b&cr  valores  dcterminatos.  Sic  fieri  poteft  ut  pun&a  P  ic 
Qcoeant,  fcribendo  o  pro  A  &  r ;  &  tunc  fcftio  fluenti  ex  duabus  ova^ 
Jibus  figuris  in  C  jundis  conftabit.  Nam  infinitae  rationes  inter  »,  p^ 
Zcf  qpas  ad  id  efficiendum  conveniunt,  obtinebuntur.  • 

Si  ex.  grat.  ultimum  hoc  defiderctur,  liempe  ut  P  &  O  coeant  iu  C, 
habebitur  2  {n+i)  w  Z^m  +  i  =2  C»H-'i  ;  «•  ^^t' +  2  (mH-  i  ) 
pac^  —  2  qfa  b c^tz^  —  qfa  ac'^'^K  Unde  cliciuntur  infinitas  ratio* 
nes  inter  t,  />,  &/. 

Si  ponatur  gravitas  tum  verfiis  y,  tum  verfus  C  firaplici  diftantiae  a 
centro  proportionalis  ;  fefti  fluenti  crit  conifeftio.  Et  fi  tunc  defiderc- 
tur ut  punfta  P,  QJfe  C  coeant,  figura  ex  duabus  EHipfibus  in  C  junc- 
tis,  conftabit. 

Nunc  fi  diftantia  C  y  evanefcat^  vel  duo  centra  coeant ;  erit  hzsc^  & 
ezza  ;  &  fluentum  fiet  fphaerois. 

Si  infuper  ponatur  w  =  »,  &  ^r  =  (>,   aequatio  gcneralis  feftionis  flu. 

cnti 


C^' 


y- 


/6j 


J^^.j6  a 
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IV.  In  pervolvendo  Opere  Petri  Antonii  Michelottiy  de  feparatione  Of  the  Motion 
fluidorum  in  corpore  animali,    qui  Venetits  nuper  ad  nos  delatiis  eft,  ^f  running 
pluribus   in  locis  Diffcrtationem   meam  de  Motu  aquarum  fluenti-  ^'^^^'"^j  h, 
um,  in  Aais  Philofopb.  N^  355.  ante  aliquot  annos  editam,  non  le-  r.°s"scct? 
•  vicer  notatam  deprehendi.     Cum  autcm  alia  ex  iis,  quae  reprehen-  N.  373. 
dit,  ex  minus  pcrfpedlo  Differcationis  meae  inftituto  profefta  videan-  P*  »79- 
tur ;  alia  vero  ita  demonftrari  poflinc,  ut  ipfum  ea  mihi  non  difficulter 
conceflurum  putem  :  operae  pretium  erit,  fi  primo  in  loco  Diflertatio- 
ncs  meas  propofitum  &  confilium  paulo  luculentius  exponam  ;  quod 
cum  fecero,  ad  reliquadeinceps  breviterexpendenda  progrediar. 

Principio  igicur  explicandum  eft,  quid  in  Diflertatione  ifta  intelli- 
gendum  velim,  per  Motum  Aqua  ex  imi  vafis  foramine  defluentis.  Eft  # 
enim  alius  Motus^  five  quantitas  Motus^  Aquae,  quae  ex  vafe  per  fora- 
men delabitur  ;  qui  Motus  eft  in  ratione  compofica,  ex  i-atione  quanti- 
tatis  aquae  dato  quovis  tempore  effluentis  ex  foramine,  &  ratione  velo- 
citatis,  quacum  effluit.  Alius  verp  eft  Motus  totius  aqujE,  feu  Cata- 
raftae  aqueae,  quae  intra  vas  verfus  foramen  defcendit,  &  mox  efflux- 
ura  eft.  Hie  eft  in  ratione  fummae  omnium  fadorum,  ex  fingulis 
aqua&'  particulis,  Cataraftam  conftituentibus,  duftis  in  velocitates  ea- 
rundcm  refpedlivas.  Quorum  Motuum  cum  alterum  faepe  pro  altero 
accipi  viderem,  animus  mihi  erat  pofteriorem  ilium  in  prasdifta  Difler- 
tatione illuftrare,  ad  calculum  revocare,  &  liquoribus  in  Animalium 
corpore  fluentibus  applicare. 

Hie  ergo  cum  femper  mihi  intelligeretur  per  Motum  Aqua  defiuen- 
tis^  five  per  Motum  Aquarum  fluentium^  quod  ex  omnibus  meis  Pro- 
pofitionibus  luculcnter  apparet,  jure  meo  dicere  poteram  Motum  hunc 
a  nemine  adhue^  quodfcirem^  fuiJJ'e  determinatum :  quippe  quern  nemo 
Mathematicorum,  quos  quidem  ego  viderim,  nee  etiam  verbo  ten  us 
atrigerit.  Quod  cum  ita  fie,  niiror  prpfedo  non  animadvertifle  neque 
acutiflimum  Michelottum^  nee  etiam  rubtiliflimi  &«perfpicaciflimiln- 
«genii  Virum,  Johannem  JSernoullium^  me  in  illius  DiiTertationis  Prooe- 
mio,  quod  toties  cirat  &  rantopere  reprehendic  MichelottuSy  ne  ver- 
bum  quidem  fcripfifle  de  velocitate,  quacum  aqua  effluit  ex  foramine^ 
multo  minus  de  BernouUiana  determinatione  illius  vclocitatis.  Hoc 
fi  perfpexiflet  Vir  CI.  noluiflet  fane,  pro  fua  humanitate,  tam  incle- 
menter  &  iniquc  mecum  agere,  ut  me  Bernoullianam  Bemonjlrationem 
extenuare  verbis  conari  *  diceret,  &  meram  effe  cavillationem  idj  quod 
Bernoullio  ohjiciam.     Quod  vero  fubjicit,  verba  ifta  mea,  *' fieri  om- 
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Receiver,  and  drives  up  the  Water  thro*  the  Elbow  B,  the  forcing 
Valve  «,  and  fo  up  the  forcing  Pipe  a2  a  i:  But  when  once  the 
forcing  Pipe  (which  here  was  46  Foot  high)  is  full,  before  any  Mer- 
cury can  enter  into  the  Receiver,  and  force  any  Water  out  at  the  Top 
of  the  Pipe  a  i,  the  Mercury  between  the  Pifton  and  Barrel  muft  rife 
up  to  J  jT  near  3  \  Feet  above  the  Bottom  of  the  Receiver,  and  as  it 
continues  to  rife  up  to  pp^  the  Water  is  thrown  out  with  a  Velocity 
proportionable  to  the  Height  that  the  Mercury  is  raifed  above  the  r4rji 
Part  of  the  Height  of  die  Water,  Now  tho*  the  Friftion  of  Solids 
is  here  avoided,  it  is  plain  that  the  Mercury  muft  move  from  mm  to 
qq  without  raifing  any  Water,  and  that  it  can  only  force  in  going 
from  qq  topp^  and  only  fuck  in  falling  from  oo  to  mm:  And  unlefs 
the  Pifton  is  flopped  a  little  while  when  at  loweft,  the  Water  will  not 
have  time  to  run  out :  So  likewife  the  Pifton  muft  be  ftopped  when  at 
higheft,  that  the  Receiver  may  have  time  to  fill. 

Mr.  Haskins  likewife  propofed  another  Way,  reprefented  in  Fig,  pig.  172* 
172  •,  where  the  fame  Letters  reprefent  the  fame  Parts,  only  here  the 
Barrel  is  moveable  by  the  two  Chains  E  i  E  2,  and  inftead  of  a  folid 
Pifton,  the  hollow  Cylinder  C  i  cc  \^  fixed,  and  the  Mercury  moving 
Up  and' down  in  the  lower  Part  of  it,  fucks  and  forces  the  Water  thro* 
the  Elbow.  The  Figure  reprefents  the  Engine  fucking  by  means  of 
the  Mercury  hanging  from  00  to  mm  In  order  to  force,  before  any 
Water  can  be  driven  out,  the  Mercury  in  the  inner  Cylinder  muft  de- 
fcend  from  00  to  mm^  and  rife  up  to  pp  between  that  Cylinder  and 
the  Barrel ;  fo  that  here  alfo  a  great  deal  of  Time  is  loft ,  befides  the 
great  Quantity  of  Mercury  ufed,  which  is  Very  expenfive ;  bccaufe  as 
much  Mercury  is  moved  every  Stroke  as  the  Water  rais'd. 

Thefe  Difficultiejl  very  much  puzzled  Mr.  Haskins^  and  quite  dif- 
couraged  fome  other  Perfons  that  had  got  the  Secret  of  the  Invention, 
and  were  fetting  up  againft  him.  But  when  I  had  confidered  the  Mat- 
ter a  little,  tho*  I  had  not  time  to  contrive  a  Machine  tor' it,  I  told 
him.  That  a  little  Mercury  might  be  made  to  raife  a  great  Quantity  of 
Water,  and  there  (hould  not  be  fuch  a  Lofs  of  Time  as  in  his  En- 
gines ;  but  that  I  would  have  him  find  it  out  before  I  aflifted  him  far- 
ther. In  a  little  time  he  found  out  the  Contrivance  reprefented  in  Fig. 
174,  and  afterwards  that  of -Rg.  173,  whichlaft  was  what  I  had  thought 
of:  And  both  thefe  were  alfo  found  out  by  the  late  Mr.  fVilliam  Uretmy 
who  was  an  excellent  Mechanick. 

Here  the  Barrel  is  moved  as  in  Ftg.  172,  but  the  Vlw^ddd  taking  pig.  173. 
up  a  great  deal  of  Space,  there  is  occafion  for  no  more  Mercury  than 
what  will  make  a  concave  Cylinder  or  Shell  up  to  pp  between  the  Bar- 
rel D  i  D  2,  and  the  hanging  Cylinder  C  i  C  2  r  r,  when  the  Stroke  v 
is  made  for  forcing ;  and  a  concave  Cyliader  between  the  Plug  and 
C  I  C  2  r  f ,  when  the  Suftion  is  made.  I  gave  Mr.  Haskins  the  Pro- 
portions for  an  Engine  this  Way,  of  which  he  made  a  Draught,  and 
Ihewed  it  to  the  Lord  Chancellour  about  fix  Months  ago.     This  I 
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fgfiflittfi  here,  that  no  body  may  endeavour  to  get  a  Patent  for  this 
''invention,  to  the  Prejudice  of  Mr.  Haskiris's  Aflignees;   who,  fmce 
his  Death,  have  defired  me  to  affift  them  in  perfeftingthe  Engine. 
Fig,  174.  f^^r®  ^^^  Barrel  wich  a  third  Cylinder  dadd  inftead  of  the  Plug 

of  Fig.  173,  is  lifted  up  and  down  every  Stroke,  and  the  Water  pafs- 
cs  thro*'  daddy  the  Mercury  roakijig  a  Shell  fometimes  between  the 
middle  ^nd  inner  Cylinder,  as  in  the  Suction  t  and  fometimes  between 

Itjie  Barrt^l^and  the  middle  Cylinder,  afs  .in;  the;  forcing  Stroke. 

J  Mr.  llailkiHi  had  contrived  fucha  Machine  as  is  reprefented  by  this 
Figure,  afld  befpuke  the  fevcralParts  before  he  dy*d ;  and  therefore 
when  I  w^  defired  by  his  Aflignees  tp  direft  the  fetting  up  the  Ma- 
^^^LTO^fcliged  ro  make  ulTof  th«  Pieces  already  mkde,  in  order 

.  SlSve^lT^'  En  pence  of  anew  Engine  :-  And  how  the  whole  put  toge- 

Fig.  175.        ftfer  with  fome  Altcradons,  make  the  Enginq  reprefented  by  Fig.  175. 

as  it  IS  fet  up  ac  my  Houfc  in  JJ^eftminO^^ry  dnd  by  the  Force  of  one 

.  M^in,  .riufes  a  Htigfhead  of  Water  iij'  (ifccle-more  than  a  Minute  and  a 
half  to  the  Htighc  of  27  Feet.  All;  th?  F^ult  of  the  Machine  of 
tig'  175  iSj  that  the  Pendulum  Handle  ffi^too  long,  and  the  Bot- 
ro:ii  of  the  middle  Cylinder  C  ought  to  be  juft  in  the  middle  of  the 

Height  to  which  the  Water  is  to  be  raited,,  fuppoling  three  Copper 
Cylinders  to  be  as  they  are  here  :  .If  likew|fe  tihe Barrel  D  i  D  2  work- 
ed under  the  forcing  Pipe,  the  Lift  wqiuld  be-  eafier.  Therefore  I  de- 
Fig.  176*  fcribe  the  Machine  with  the"  fmall  AlterSition. reprefented  in  Fig.  176* 
The  fucking  and  forcing  Pipe  and  Valves  ^re  marked  with  the  fame 
Letters  as  in  chc  other  Figures  ;  and  the  Chains  E  i  E  2  muft  be  fup- 
pofed  to  hang  from  fcch  Puliies,  and  to  be  mpved  by  fuch  a  Pendulum 
as  is  in  Fig,  175,  The  Barrel  D  1  D2  (called  otherwifc  the  outer  Cy- 
linder, and  reprefented  by  rhe  fame  Letters  in  Fig.  177.)  has  within  it 
another  Cylinder  (called  the  inner  Cylinder  or  Plug,  as  dddd  Fig, 
177.;  between  which  two  Cylinders  a  certain  Quantity  of  Mercury  is 
poured  in,  and  the  hanging  Cylinder  C  coming  down  into  the  Mercury, 
g  Stroke  of  13  Inches  may  be  made  by  the;  Mption  of  the  Barrel,  which 
in  going  down  fucks  by  making  a  Vacuum  in  C,  and  in  going  up  forces 
the  Water  out  of  the  Top  of  the  forcing  Pipe,  performing  the  Office 
of  a  common  Pifton  ;  only  that  inftead  of  Leather  to  make  it  tight 
to  the  Cylinder  C,  there-is  always  a  thin  Shell  of  Quickfilver  either 
betweei]  the  middle  Cylinder  C  and  the  inner  one,  ( dddd  Fig.  i  yy^. ) 
^s  happbns  when  the  Suftion  is  made,  or  between  the  middle  and  outer 
Cylinder,  as  happens  in  lifting  up  the  Barrel  to  force.  In  the  Suftion, 
ilie  Mercury  is  higher  in  the  inner  Shell  than  in  the  outer  Shell,  by  a 
Height  equal  to  a  little  more  than  y^  Part  of !  the  Height  of  the  Barrel 
?bove  the  Water  to  be  raifed :  And  in  forcing,  it  is  higher  in  the  outer 
Shell  thin  in  the  inner  by  a  little  more  than  ^^  pf  the  Height  of  the  Pil^ 
lar  of  Water  to  be  forced.  And  therefore  if!  the  Water  is  not  requir- 
ed  to  be  raifed  above  64  Feet,  the  Barrel  fhpuld  move  fo  as  to  make 
the  Middle  of  its  Stroke  ait  the  Height  0f  30  peer,  or  at  the  Middle 
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of  the  Way  from  the  Water  to  be  raifed,  to  the  Delivery  at  Top. 

The  177th  Figure  drawn  by  a  larger  Scale,  reprefents  the  three  Cy*  Fig,  177, 
Hnders,  which  are  here  made  of  Copper  in  their  juft  Proportions : 
And  for  the  Sake  of  thofe  that  would  confider  this  Matter  fully,  I  ' 
have  here  given  their  Lengths,  Diameters  within  and  without,  and 
Thicknels. 


Outer  Cylinder 
or  Barrel,  Di  D2, 


Middle  or  hang- 
ing Cylinder,  in 
which  the  Stroke 
is  made  C I  Cicc. 


Inner  Cylinder  or 
Plug  clofed  at  top 
by  a  Cap,  and  mov- 
ing up  and  down 
with  the  Barrel  co 
which  it  is  joined 
at  bottom,  dddd. 


Length 
Diameter  -y 
within        3 
Thicknefs    ■ 
Diameter  7 
without      3 

Here  B  B  reprefents  Part  of  the  Elbow  of  Fig.  175.  or  of  the  forc- 
ing Pipe  of  Fig.  174.  Rut  as  the  Spaces  between  the  Cylinders  are  fo 
fmall,  as  not  to  be  vifible  even  in  a  large  Draught  made  by  a  Scale  ;  I 
have  here  given  three  more  Draughts  of  the  three  Cylinders,  where 


the  Height  is  agreeable  to  the  Sea 
meters  of  the  middle  and  inner  Cy 


e  of  the  177th  Figure,  buttheDia-r 
inders  are  made  lefs  than  they  are  in 
the  Engine,  to  make  the  Space  between  (where  the  Mercury  rifes  and 
fallsj  vifible  ;  and  the  Cylinders  themfelves  are  reprefented  by  fingle 
Lines. 

The  Quantfty  of  Mercury  ufcd  in.this  Engine  is  36  ^  Pounds,  which 
being  poured  m  between,  the  outer  and  inner  Cylinder  rifes  to  the 
Height  of  16  Inches. 

When  the  Barrel  is  pulled  up  foas  to  have  the  middle  Cylinder  with-  pjg  179, 
in  an  Inch  of  the  Bottom  of  the  Barrel ;  the  Mercury  on  both  Sides  the 
Biiddle  Cylinder  will  rife  up  to  the  Height  of  23,11  Inches,  that  is,  a- 
bout  two  Inches  below  the  Cup  D  i ,  to  the  Line  q  q.  When  the  Bari* 
rel  is  going  down  to  fill  the  fucking  Pipe  and  middle  Cylinder  C,  the 
Mercury  in  the  inner  Shell  will  be  25  Inches  high,  and  only  13  in  the 
outer  Shell,  Fig.  179,  where  the  (haded  Part  reprefents  the  5. 

At  the  End  of  the  fucking  Stroke  the  Mercury  is  up  to  the  Top  of  p;    ^^g 
tlie  inner  Cylinder,  and  fcarce  an  Inch  in  the  outer  Shell.  '   '  ' 

Tn  raifmg  the  Pifton  from  forcing  to  the  Sucking  firft  i  -^inch 
drives  the  Mercury  out  of  the  inner  Shcllj  and  raifcs  ic  in  the  outer  Shell 
2J8  Inches.  TIic 


^^? 
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/The  D^pA  of  an  Inch  of  Water  \n  the  middle  Cylinder  above  the 
^-  inner  one  or  Plug  is  equal  to  a  Space  in  the  outer  Shell  of  13,28  Inches, 
and  \  of  an  inch  is  equal'to-  tte  fame  Height  in  the  inner  Shell. 

Therefore  when  the  Mercury  is  equally  high  in  both  Shells,  a  Moti- 
on of  \  ofari  Inch  of  the  Birrel  will  charge  for  Suftion.     That  is, 
upon  letting  dow^  the  Barrel  only  ;;  of  an  Inch,  the  Preflure  of  the 
Atrnofphere  in  the  outer  Shell  will  r^iife  the  Mercury  in  the  inner  one 
13,28  Inches,  at  the  fame  time,  that  it  puflies  up  the  Water  from 
the  Well  13  Foot  and  a  half  high  into  the  fucking  Pipe.     And  when 
all  the  Pipes  are  full,  if  the  Mercury  be  equally  high  in  both  Shells, 
upon  raifing  the  Barrel  one  Inch,  the  Mercury  will  rife  13,28  Inches 
in  th4  outer  Shell  j  which  I  call  charging  for  forcing  -,  becaufe  in 
continuing  to  raifq. the  Barrel,  the  forcing  Valve  immediately  rifcs,  and 
the  Water  comes  out  at  Top  during  the  reft  of  the  Stroke,  which  is 
12  Inches,  and  delivers  1,6  Gallon  pf  Water,  Wine  Meafure. 
p.    jgQ  Fig.  180  reprefents- the  forcing  Stroke  half  way  up-,  with  the  5  17 

Indies  in  the  outer Shellj  4  Inches  in  the  inner,  and  the  whole  Space  ac 
BottiMTi  urider  the  middle  Cylinder  ^  Inches. 

Frbnl  this  it  appears,  that  in  the  whole  Stroke  of  13  Inches  in 
Length,  there  is  only  \  of  an  Inch  loft  tO'  chatge  for  Suftion,  and  in 
the  next  Stroke,  which  is  Jikewife  of  13  Inch^  there  is  only  one  Inch 
loft  to  charge  for  forcing ;  fo  that  in  a  Motion  of  26  Inches,  there  is 
but  I  \  Inch,  or  about  ^^  part  ineffedtual.  But  this  is  owing  to  the 
too  large  Space  of  the  outer  Shell,  which  contains  4  Times  more  than 
the  intier  one,  becaufe  the  Cylinders  were  only  hammered,  and  not 
turned ;  for  if  the  outer  Space  had  been  no  bigger  than  the  inner, 
then' J|:  of  an  Inch  of  the  Stroke  would  have  charged  for  forcing ;  fo 
that  6nly  \  an  Inch  in  26,  or  ^\  Part  of  the  whole  Stroke  would 
have  been  inefFeftual  ;  and  in  that  Cafe,  f  of  the  Quantity  of  Mer- 
cury,! or  a  little  morie  than  12  Pounds,  would  have  been  fufficient. 

There  may  ftill  le(s  Mercury  be  ufcd,  if  the  middle  Cylbder  be 
made  of  Plate  Iron  turned  on  the  Outfide,*an'd  bored  within,  the  outer 
Cylirider  bored,  and  the  inner  one  turned  ;  fo  that  if  the  Work  be 
well  performed,  eight  or  ten  Pounds  of  Mercury  will  be  fulRcient  in 
this  Engine,  tho'  the  Bore  of  the  middle  Cylinder,  or  Diameter  of  the 
Pillar  of  Water  which  is  raifed,  be  of  6,35  Inches.  If  the  Bore  of  the 
faid  Cylinder  was  but  3  Inches,  lefs  than  3  Pounds  of  Mercury  would 
fuffice,  and  leis  than  fix  if  there  were  two  Barrels,  in  order  to  keep  a 
conftant  Stream  thro'  a  Pipe  of  almoft  the  fame  Diameter.  This  will 
very  much  leffen  the  Expence  of  McrCury,  which  would  otherwife 
be  an  Objeftion  againft  this  Engine  *,  and  by  making  the  inner  and 
outer  Cylinder  of  hard  Wood,  as  BoXy  or  Lignum  Vitce^  the  Coft  of 
the  Engine  may  ftill  be  reduced.  But  if  thef  Engine  be  very  large, 
Caft  Iron  bor'd  will  be  proper  for  the  outer  Cylinder,  and  Caft  Iron 
turned  on  the  Outfide  for  the  inner  Cylinder  or  Plug,  and  hammered 
Iron  bored  and  turned  for  the  middle  Cylindqr. 

There 
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There  is  an  Objeftion,  which  feems  at  firft  to  take  off  the  intend- 
ed Advantage  of  this  Engine,  That  inftead  of  the  Fridion  of  the 
Leather  of  a  Pifton,  when  we  lift  up  our  Barrel  to  force,  the  Refift- 
ance»  that  the  Mercury  finds  to  rife  in  the  outer  Shell,  is  at  leaft  as 
great  as  the  Fri<ftion  that  we  avoid.  Now  that  Refiftance  is  never  great- 
er than  the  Weight  of  a  concav^c  Cylinder  of  Mercury,  whofe  Height 
is  the  greateft  to  which  the  Mercury  rifes  in  the  faid  Shell,  and  the 
Bafc  is  the  Area  of  the  Shell  itfelf.  This  Weight  in  our  Engine  is  equal 
to  57,5  Pounds,  and  therefore  one  wou  Id  think  it  greater  than  the  Re- 
fiftance made  by  the  Friftion  of  a  Pifton.  But  if  it  be  confidered, 
chat  in  the  Defcent  of  the  Barrel  for  fucking,  the  Mercury  fliifts  imme- 
diately into  the  inner  Shell,  rifing  to  the  fame  Height,  and  ftill  keep- 
ing  the  fame  Bafe;  theaforefaid  Weight  of  57,5  Pounds  helps  down 
the  Barrel,  and  facilitates  the  overcoming  of  the  Force  of  the  Atmo- 
fphere,  confequently  the  Weight  of  the  Mercury  being  balanced,  is 
no  Hindrance,  whether  you  work  with  a  fingle  or  a  double  Barrel. 

There  remains  only  then  the  Hindrance  by  lofs  of  Time  in  the  Be- 
ginning of  any  Stroke  :  But  I  have  fhewed  that  to  be  but  ,^  Part  of  the 
Stroke,  I  have  found  that  the  beft  Engines  now  in  ufe  generally  lofe 
near  f  of  the  Water  that  they  ought  to  give,  according  to  their  Num- 
ber of  Strokes.  And  Mr^  Beighton,  having  a  great  many  times  mea- 
fured  the  Water  that  is  rais'd  by  Engines  in  Mines,  found  that  fome 
Engines  loft  \,  and  none  ever  loft  lefs  than  f  of  what  they  ought  to 
give  according  to  the  Number  of  the  Strokes  in  their  Pumps,  whatever 
auxiliary  Powers  they  were  moved  with. 

There  is  indeed  another  Objeftion,  but  fcarce  worth  Notice  ;  which 
is,  that  fome  Particles  of  Mercury  will  mix  with  the  Water  that  is 
Taifcd,  and  make  it  unwholefome  ;  but  no  body  that  confiders  fpecificlc 
Gravity,  will  imagine  any  fuch  thing.  However,  to  fatisfy  thofe  that 
might  ftill  apprehend  it,  it  is  to  be  obTerved,  that  none  of  the  Water 
that  is  raifed  comes  near  the  Mercury  :  For  in  the  Cylinder  C,  and 
Part  of  the  Elbow  B,  (Fig.  175.)  there  is  always  above  the  Mercury 
a  certain  Quantity  of  Water  that  rifes  and  falls  with  the  Barrel,  and 
never  goes  into  the  forcing  Pipe.  The  farne  happens  alfo  in  the  Ma- 
chine of  Fig.  176.  for  the  Water  having  once  run  into  the  Cylinder  C, 
all  that  is  raifed  afterwards,  comes  thro*  the  forcing  Valve  without 
coming  down  to  the  Mercury- 
Provided  Care  be  taken  to  make  the  Barrel  with  its  Plug  tight,  I 
don't  fee  that  this  Machine  will  want  Repair  in  a  long  time,  except 
fome  of  the  auxiliary  Powers  be  out  of  Order,  which  do  not  rehte  co 
this  Invention.  The  Numbers  given  will  ferve  to  examine  the  Truth 
of  what  I  have  aflferte^  concerning  the  Motion  of  the  Mercury;  and 
from  them  one  may  make  Tables  to  ferve  to  proportion  thcfe  Engines 
for  raifing  any  Quantity  of  Water  to  any  Height,  according  to  the 
Power  one  has  to  apply. 

VIII.  The 


^ 


g  Pj^aUr-J^orks  ai  London-Bridge. 


A  Defcriptton  ^111.  The  Wheels  are  placed  under  the  Arches  of  London-Bridge^ 
of  tbe'WAitv^  and  moved  by  the  common  Scream  of  the  Tide- Water  of  the  River 
Works  at  Lou-  Thames, 

don- Bridge.  ^  g  ^j^^  Axk-tree  of  the  Water- Wheel,  19  Feet  long,  3  Feet  Dia- 

ion,  F,  /?.\    meter,  in  which  C,  D,  E,  F,  are  four  Sets  of  Arms,  eight  in  each 
n.  417.  p.  5.   Place,  on  which  are  fixed  GGGG,  four  Rings,  or  Sets  of  Felloes,  in 
Fig.  181.       Diameter  20  Feet,  and  the  Floats  HHH,  14  Feet  long  and  18  Inches 
deep,  being  about  26  in  Number. 

The  Wheel  lies  with  its  two  Gudgeons,  or  Centers,  A  B,  upon 
two  Brafles  in  the  Pieces  M  N,  which  are  two  great  Levers,  whofc 
Fulcrum,  or  Prop,  is  an  arched  Piece  of  Timber  L,  the  Levers  be- 
ing m^dc  circular  on  their  lower  Sides  to  an  Arch  of  the  Radius  M  O, 
ancl  kept  in  their  Places  by  two  arching  Studs  fixed  in  the  Stock  L, 
through  two  Mortifes  in  the  Lever  M  N. 

The  Wheel  is,  by  thefe  Levers,  made  to  rife  and  fall  with  the  Tide, 
which  is  performed  in  this  Manner.  The  Levers  MN  are  16  Feet 
long  ;  froni  M,  the  Fulcrum  of  the  Lever,  to  O  the  Gudgeon  of  the 
Water- Wheel,  6  Feet  •,  and  from  O  to  the  Arch  at  N,  10  Feet.  To 
the  Bottom  of  the  Arch  N  is  fixed  a  ftrong  triple  Chain  P,  made  af- 
ter the  Falhionof  a  Watch-Chain,  but  the  Links  arched  to  a  Circle 
of  one  Foot  Diameter,  having  Notches,  or  Teeth,  to  take  hold  of  the 
Leaves  of  a  Pinion  of  Call  Iron  Q,  10  Inches  Diameter,  with  eight 
^  Teeth  in  it  moving  on  an  Axis.  The  other  loofe  End  of  this  Chain 
has  a  large  Weight  hanging  at  it,  to  heJp  to  counterpoife  the 
Wheel,  and  preferve  the  Chain  from  Aiding  on  the  Pinion.  On  the 
fame  Axis  is  fixed  a  Cog- Wheel  R,  6  Feet  Diameter,  with  48  Cogs. 
To  this  is  applied  a  Trundle,  or  Pinion,  S,  of  fix  Rounds,  or  Teeth  ; 
and  upon  the  fame  Axis  is  fixed  T,  a  Cog- Wheel  of  51  Cogs,  into 
which  the  Trundle  V,  6f  fix  Rounds,  works;  on  whofe  Axis  is  a 
Winch,  or  Windlafs,  W,  by  which  one  Man,  with  the  two  Wind- 
lafles,  raifes  or  lets  down  the  Wheel  as  there  is  Occafion. 

And  becaufe  the  Fulcra  of  thefe  Levers,  M  N,  are  in  the  Axis  of  the 
Trundle  K,  viz.,  at  M  or  X,  in  what  Situation  foever  the  Wheel  is 
raifed  or  let  down,  the  Cog- Wheel  ll,  is  always  equidiftant  from  M, 
and  works  orgcers  truly. 

By  Means  of  this  Machine  the  Strength  of  an  ordinary  Man  will 
raife  about  fifty  Ton  Weight. 

I,  I,  is  a  Cog- Wheel  fixed  near  the  End  of  the  great  Axis,  8  Feet 
Diameter,  and  44  Cogs  working  into  a  Trundle  K,  of  4  ^  Foot 
Diameter,  and  20  Rounds,  whofc  Axis  or  Spindle  is  of  Caft  Iron  4 
Inches  in  Diameter,  lying  in  Brafles  at  each  End,  as  at  X. 

Z  Z  is  a  quadruple  Crank  of  Caft  Iron,  the  Metal  being  6  Inches 
fquare,  each  of  die  Necks  being  turned  one  Foot  from  the  Centre,  which 
is  fixed  in  Brafl'es  at  each  End  in  two  Head-ftocks  fattened  down  by 
Caps.     One  End  of  this  Crank  at  Y  is  placed  clofe  abutting  to  the  End 

of 
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:  of  the  Axle-trcp'Xj  where  tlwji^^reiftt'^hofc Ends fixlnches Diameter, 
each  hav5rtg^a  Slit  in  the  Ends,  where  an  Iron  Wedge  is  put,  one  half 
into  the-End  X,  the  other  half  into' IT,*  by.Meians  of  which  the  Axis 
X  turns  about  the  Crank  Z  Z. 

Xhc  four  Necks  of  the  Crank  have  each  an  Iron  Spear,  or  Rod, 
fixed  at  their  upper  Ends  to  the  rcfpedlivc  Libra,  or  Lever,  a  i,  2,  3, 
4,  within  three  Foot  qf  theElnd,  Thefe  Levers  are  24  Feei'long; 
moving.on .Centers  in  the  Frame  bhhh\  at  the  End  of  which,  at  r  i, 
2,  3^,4,  are  jointed  four  Rods.  >vith  thehf  forcing  Plugs  wcxrkit^  into 
// 1,  2,  3,'  4,  four,  Caft  Iron  Cylinders. four  Feef  three: Quarteirs  long, 
feven  Inches.  Bore  above,  and  nine  below  where  the  Valves  lie,  faften* 
cd  by  screwed  Flanches,  over  the  four  Holes  of  a  hollow  I'runk  of 
Caft  Iron,  having  four  Valves  in  it  ju(l  OYtr.ce^e^  at  the  joining"  on 
of  the  ^ottom  of  the  B^^rrels,  or  Cj Hinders,  and  at  one  End  a  fiicking 
Pipe  an^' Grate/,  going  into  the  Water,  which  fupplies  all  the  four 
CylindeijB  alternately. 

From  the  lowcf  Part  of  the  Cylinders  J  i,  ^  2,  ^3,  ^4,  come  out 
Necks  turning  upward  Arch-Vife,  ^  gggg^  whofe  upper  Parts  ar^ 
caft  with  Flanches  to  screw  up  to  the  IVunk bbbb  \  which  Necks 
have  Bores  of  7  Inches  Diameter,  and  Holes  in  the  Trunk  above  comt 
municating  with  themy .  at  which  Joining  are  placed  four  Valves.  The 
Trunk  is  caft  with  four  Bpfles,  or  Pjroruher^wes,  ftanding  out  againfl; 
the  Valves  to  give  rooni  for  Xfieir  opening^  and  ihut ting ;  and  on  the  up- 
per Side  are  four  Holes  ftop.ped  with  Plugs,  to  Jake  out  Qn  Occafion, 
to  cleanfe  the  Valves. •  One'End  of  thisXrynk  is  flopped  by  a  Plug  u 
To  the  other.  Iron  Pijpes  are  joined,,  ai  ^2^  by  Fjanches,  through 
which  thfe  W^ter  js,|brced  up  to  any  ^ndig^or  t^Uqe  required.,  ! ;  , 

Befides  thefe  four.Forcers,  jchere  375  fpqr  more.'place4  at  the  other 
Ends  of  the  Librae,'*  or  Levers  (hpt  iHlewn  here  to  Avxud,  ConfuGon,- 
but  tb  be  feen  on  the  left  Haad)  the  Rods  being  fiicedat  ^  i,  2,  3^  4, 
working  in  four  fuch  Cylinders,  with  their  V^xxsdd^  ^c.  e  f,  /,  ggy 
and  i,  as  before  defcribcd,  ftanding  near  kLr,      ..  ,  . 

At  the  other  End"  of  the  Wheer(at  B)  is  placed  .^11,  the  fame  Sont 
of  Work  as  at  the  End  A  is.defcribcd,  viz^    -      /     ,    / 

The  Cog- Wheel      I.  The  four  Levers  acj  ac^'^^c. 

The  Trundle  K,  .  8  forcing  Itods  aA^  ad^  £sfr. 

The  Spindle  X.  ....  8  Cylinders.  4^,.Jif,  (^c.  .  _" 

The  Crank        Y,  Z.    ,  '4  Trunks,,  juch  z%f0ybb.    ,       • 

The  fucking  Pipes  /.     '  *         2  forcing  Pipes,  as  i. 

So  that  one  fmgle  Wheel  w^orks  1 6  Pun:\p^. 

All  which  Work  could  not  be  drawn  in  one  perfpeftive  View,  with- 
out making  it  very  much  confufed. 
In  the  ift  Arch  next  the  City  is  one  Wheel  with  double?  jg  p^jr^crs 

Wcrk  of  J 
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Aft  Wheel  double  Work  at  one  End,  and  fin 
In  the  adl     gJc  at  the  other 
Arch    4  2d  Wheel  in  the  Middle 
[3d  Wheel 
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In  all     52  Forcers, 


2*  Strokes^ 


7be  Pozoer  hy 
which  the 
H'^JueU  are 

moved. 


One  Rev<kIution  of  a  Wheel  makes  in  every  Forcer 

So  that  one  Turn  of  the  4  Wheels  makes         ^  t\\  Stn^es. 

When  the  River  is  at  bcft^  the  Wheels  go  fix  times  round  7   > 
in  a  Minute,  and  but  4  f  at  middle  Water  J 

The  Number  of  Strokes  in  a  Minute 
The  Stroke  is  2  i  Feet,  m  a  7  Inch  Bore^  raifcs 

They  raife /)^r  Minute  *      2.052^ 

That  is,  1 23 1 20  Oallons  =  1954  Hogflieads  per  Hour,  anS  at  the 
Rate  of  46896  Hogfheads  in  a  Day,  to  the  Height  of  120  Feet, 
This  is  the  utmoft  Quantity  they  cad  raife,.fuppoung  there  were  no 
imperfcftions  or  Lofs  at  all.  /       \    *    \     .  .     . 

Hut  a  is  certain  from  the  Conft der Nitons  fillo^ing^  tl^i  no  Engine  can 
raife  fi  much  as  wiN  ttnjivfr  ihe  '^tmtity  ofH^aier  the  Cylinder  contains 
in  the  Ltngtb  of  the  Ft^rtery  or  Pijivn*s  Motion :  For, 

Ftrfly  The  opening  ahd  Shutting  of  the  Valves  lofe  nearly  fo  much 
of  that  Column,  as  the  Height  thdy  rife  and  falJ. 
\  Secondly y  No  Leather  is  ftrong  enough  for  the  Pifton,  but  there 
muft  continually  Bipor  ^tieeze  by  lb*me  Water,  when  it  is  raifed  to  a 
great  Height.;  and;orfien  the  Caluttm^s  fhojrt,  it  will  not  prefs  the 
Leather  ^ough' to'  the  Cylinder,  or  Barrel :  But  fcfpccially  at  the  Be- 
ginning, or  mft  mbfving  of  the  Pifton,  there  is  fo  little  Weight  on  it, 
that  before  the  Leather  can  expand,  there  is  fome  Lofs. 

thirdly  y  And  this  Lofs  is  more  or  lefs,  as  the  Piftons  are  loofcr  or 
'  ft'rftigtecr  leathered.       l 

Fourthly y  When  the  Leathers  grow  too  foft,  they  are  riot  capable 
of  fuftainin^  the  Pillar  to  be  raifed. 

Fifthly,  If  they  are  leatHefed  very  tight,  as  to  lofe  no  Water,  then 
a  great  Part  of  the  Engrne*s  Force  is  dcftroyed  by  the  Friftion. 

By  fome  Experiments  I  have  accurately  madci  on  Engines,  whole 
Parts  are  large  and  ekcellchtly  performed,  they  will  lofe  f  aadfome- 
times  \  of  the  calcuhced  Quantity..    .     <  ^ 

However,  the  Per feft  tons  or  Errors  of  Engines  are  to  be  compared 
together,  by  the  calculated  Quantities  or  Forces  i  for  as  they  differ  in 
thofe,  they  will  proportionably  difftf  in  their  aftual  Performances. 

T.he  Weight  of  the  Pillar  of  Water  on  a  Forcer  7  loches  Diame- 
ter, and  120  Foot  high. 


7^7 
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7  X  7  tsr  49  fc  The  Pounds  Averdu^oife  in 
4Q  X  ards  high,     [a  Yard  nearly. 
i960 1^  on  one  Forcer. 
SForcers  always  lifting. 

The  whole  Weight  ;      15680 it>;=  i4qC^  w7  Tup  Weight 

on  the  Engine  at  once«  .j 

Then  the  Crank  pulls  the  Libra  j  Feet  from  the  Forcer,  and  8,3 
Feet  from  the  Center, 
7  Tun 
XII. 3 
8,3)79.1  (9, 5  Tunon  the  Crank.  ^n. 

Wallower       a,a)9,5C4,3  on  Trundle* 

The  Spur  Wheel 4 

The  Radius  of  the,  great  Wheel  10)  17,2  /i,72  Tun. 

V     20 
The  Force  on  the  Floats  1 8  C/.  40  fc  ?  4>40  Ct. 

But  to  allow  for  Friction  and  Velocity,  may  be  reckoned  i  Tun  \. 
The  Ladles  or  Pjkidles  14  Foot  lorig,  7  ^         ^ 

18  Inches  deep,  -  ^' }  =  ",4  fquare  Feet. 

The  Fall  of  Water  is  fometimes  2  Feet, 

'      44,« 

6  Gall,  in  a  Cub.  Ft. 


)268,8 
10,  lb  in  a  Gallon. 
112)2688.(24  Hundred 

The  Feiocity  of  the  Water ^  4  Feet  in  21^  of  Time. 

21^'— 4  Ft : :  —  60^ :  =  685  Feet  per  Minute.  ^ 

The  Velocity  of  the  Wheel  =  3 10  Feet  per  Minute. 

Quantity  expended  on  the  Wheel,  according  to  the  Velocity  of  the 

^p;S^SLlAZlJ^9S^  -• —  '     - 

But  at  the  Velocity  of  the  Wheel  645  Hogflieads^^r  Second. 
:  The  Velocity  of  the  Wheel  to  the  Velocity  of  the  Water,  as  i  to  22. 
\Although  they  may  juftly  be  efteemed  as  eood  as  any  in  Europe^  Some  Ohfervt^ 
yet  are  there,  as  I  conceive,  fome  Things  which  might  be  altered  very  tiws  m  thefi  ' 
much  for  the  better.  Waur-mfrks. 

Pirft^  if  infteadof  fixteen  Forcers  they  worked  only  eight,  the  Stroke 
might  be  five  Feet  in  each  Forcer,  which  would  draw  a  great  deal  more 
Water  with  the  fame  Power  on  the  Wheel ;  for  then  there  would  be 
but  half  the  opening  and  (hutting  of  Valves,  confequently  but  half 
that  Lofe :  And  a  five  Foot  Stroke  draws  above  double  the  Quantity 
of  two  Strokes  of  2  i  each,  by  near  f ,  in  regard  the  Velocity  is 
double,  which  is  the  moft  valuable  Confidcration  in  an  Engine,  where 
the  Pipes  will  fuftain  fuch  Force. 

A  a  a  2  Secondly^ 


^52  Figure:  of  the  EartL      \* 

Secondly^,  the  Bores  that  crrrry  off  tha- Water  from  the  Forcers  are  too 
fmall,  there  being  (nearly)  always  two  Pillars  of  7  Inches  Diameter, 
forcing  into  one  Pipe  oF  the  femtr Diameter,  and  7x7=1494-49=98. 

Therefore  tl^fe  Pipes  of  Conveyance  fhould  be  near  nine  Inches 

Diameter.  - 

fbe  Perfeaions      The  Timber- Work  is  alfadhih-ably  well  performed,  aiid  the  Com- 
e/^'^'^-^'^'*'- pofition  and  Contrivance,  for  Strength  and  Ufefiithe^,  not  exceeded 
by  any  I  have  feeh.  *  .    \     .    , 

Thecaft  Iron  Cranks  are  better  than  wrought  ones,*  by  reafon  they 
are  very  ftiff,  and  will  not  be  ftrained,  but  fooner  break  ;  but  then 
they  are  cheap,  and  new  ones  eafily  put  in. 

The  Wedge  f&r  putting  on  or  rcleiafing  the  Crahk  and  Forcers,  is 
better  thanfthe^liiling  Sockets  commonly^  ufed. 

The  forcing  Barrels/  Trunks,  and  all  their  Apparatus,  are  very 
c;^riouQy  coptrived  for  .putting  together,  mending,  alterii^  or  cleanfV 
ing,  and  fubjeft  to  as  little  Friftion  as  poflible  in  that  Part, 

The  Machtne^r  raifing  and  failing' tlie  V^heels  is  very  good,  tho^ 
but  feldom  ufed,  as  they  tell  me  ;  foi;  they  wiJl^ataJipoftany  Depth 
of  Water,  and  as  the  Tide  tur(is,  the- Wheels  gQ  ipe-i'^p  -^ay  vfith 


it-        -   ' 


Thefc  Machines  s^t  Londbn-Bridy^zK  fiir-fuperior  to  thofc  fo  mpch 
famed  at  Marly  in  FroMcSr  in  regard  the  latter  are  very  ill  deOgncd  in. 
th^ir  Cranks,,  aqd  fomcother  Parts. 
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CHAP.      VI. 

Geography^  Navigation. 

I.  I.  nplH  A  T  the  Earth  is  of  a  fpherical  Figure,  or  nearly  fuch,  j  DiffertafUn 
I     has  been  proved  fo  often,  and  by  lb  many  unanfwerable  concerning  thi 
Arguments,  that  to  repeat  them  here  would  be  tedious.    But,  as  a  lit-  ^^^f^  ^  '^' 
tie  Variation.  frX)m  a  trueSphere  (befides  the  Irregularity  of  high  Hills  rZU.T.dL 
and  deep  Vallies)  does  not  hinder  us  from  calling  the  Earth  a  Globe  ;  faguiicrs, 
fo,  to  determine  what  that  Variation  may  be,  fince  modern  Philofophcrs  ^^-  ^  ^-  ^-  ^• 
are  divided  about  it,  may  be  a  Subjeft  not  ungrateful  at  this  Time.      "•  3*6.  p.  wi. 

Monfieur  CaJ/ini  fays ;  *<  That  the  Earth  is  an  oblong  Spheroid, 
"  higher  at  the  Poles  than  the  -Equator,  making  the  Axis  longer  than 
*'  a  Diameter  of  the  -flEquator  about  thirteen  French  Leagues,  which 
**  he  deduces  from  comparing  his  Father's  Meafures  of  the  Meridian, 
"  from  Parix  to  the  Pjrenaan  Mountains,  With  thofc  of  Monf.  Pi- 
".  card  i  of  which  an  Account  may  be  fcen  m  the  Memoirs  of  the 
"  Royal  Academy  for  17 13.  But  having  afterwards  continued  the 
**  Meridian,  which  is  drawn  through  France^  from  Paris  to  Dunkerque^ 
M  he  ftill  draws  Confequences  to  prove  the  Earth  an  oblong  Sphe- 
."  roid^  but  then  makes  the  Axis  exceed  the  jEquatoriaL  Diameter 
t*  34  Leagues.  .    , 

'*  Sir  Ifaac  Newton  makes  the  Earth  higher  at  the  -Equator,  and, 
**  confcquently,  flatted  towards  the  Polds,  reckoning  its -Squa|orial 
*♦  Dianleter  34  Englijb  Miles  longer  than  the  Axis  \  which  he  proves 
^*  from  the  Principles  of  Gravity,  and  the  Centrifugal  Force  that  a- 
^*  rifes  from  the  Diurnal  Rotation  of  the  Earth  ;  and,  to  confirm  this, 
**  rocntionsJBral  Experiments  on  Pendulums,  which  have  been  made 
•'^  flioroer,  tawing  Seconds*  near  the  Equator,  than  in  greater  La- 
•*  titudes/* 

Thefe  are  the  two  Opinions  which  have  divided  Philofophcrs,  and' 
which  we  propofe  to  examine  here. 

M.  Cdjfmly  taking  the  NJ«eafures  above-mentioned  to  be  exaft  e- 
Dougji,  not  only  to  determine  the  Magnitude  of  a  Degree  of  the 
Earth,  correfponding  with.a  Degree  of  tlie  great  Circle  of  the  Hea- 
vens, but  alfo  to  Ihew  the  Difference  in  the  Degrees  of:  the  Earth ;  (reck- 
oning thofe,  that  were  mcafured  in  the  South  of  France^  to  exceed' 
tliofe  towards  the  North,  by  a  certain  Number  of  Toifes  and. Feet)' 
demonftrates,  that  if  the  Degrees  of  the  Earth  are  longer  towards  thr 
JEquator  than  the  Poles,  the  Plane  of  the  Meridian  muil  be  an  FJIipfe, 
whofe  long  Axis  is  that  of  the  Earth-  Here  /blljws  his  firft  Demon*- 
ft ration.  [See  the  French  Memoirs  for  the  Tear  1713.]  "  Let 
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Fig.  1 82.  **  Let  BDCR  be  an  EUipfe  that  reprefents  a  Meridian  of  the  Earth, 

«*  whofe  Poles  B  and  C  are  at  Ends  of  the  great  Axis  BC,  and  whofc 
"  Foci  E  and  F  are  taken  at  Pleafure.  Pow^  to  divide  this  EUipfe 
«  into  Degrees^  that  w,  to  find  feveral  Points  H,  I,  V,  fiicb^  that  the 
* «  Dijlancey  from  the  Pole  to  the  Zenith^  of  every  one  of  them,  Jhall  he  of 
*'  any  given  Number  of  Degrees. 

"  From  E,  one  of  the  Foci  of  the  EUipfe,  draw  the  Line  ET,  fo 
Dem^nftratton.  ,,  that  it  may,  with  the  Axis  BC,  make  the  Angle  BET  equal  to  the 
' '  Diftance  given  from  the  Pole  to  the  Zenith,  From  the  otlier  Focus 
"  F,  with  the  Diftance  BC  equal  to  the  Axis,  draw  an  Arc,  to  cut 
«  the  Line  ET  at  T.  I  fay,  that  the  Line  FT,  drawn  from  the 
"  Point  T  to  the  Focus  F,  will  cut  the  EUipfe  at  the  Point  H  ;  which 
"  Point  is  fuch,  that  the  Diftance  of  the  Pole,  fiT)m  its  Zenith,  con- 
''  tains  the  given  Number  of  Degrees. 

*«  From  the  Point  H,  raife  H  Z,  perpendicular  to  the  EUipfe, 
«(  which  will  pafs  through  the  Zenith  Z  \  and,  beinc  produced  in- 
"  wards,  will  meet  the  Axis  of  the  Earth  at  O,  and  (by  the  Propcr- 
«  ty  of  the  EUipfe)  divide  the  Angle  EHF  into  two  equal  Parts. 
"  From  the  Point  H,  draw  likewifc  HP,  parallel  to  the  Axis  BC, 
«  and  diredted  to  the  Pole  P,  fuppofcd  at  an  infinite  Diftance.  The 
««  Angle  PH2:,  or  POZ,  meafures  the  Diftance,  from  the  Pole  to 
^<  the  Zenith,  of  an  Inhabitant  dwelling  upon  the  Earth  at  the  Point 
"  H.  FT  is  equal  to  the  Axis  BC,  by  Conftrudion ;  but,  by  the 
*'  Property  of  the  EUipfe,  BC  is  equal  to  EH  fks  HF  ;  taking  a- 
<<  way  from  both  FH,  which  is  common,  EH  will  remain  equal  to 
«  HT.  The  Angles  ETH,  TEH,  will  therefore  be  equal,  and, 
*«  confequently,  each  of  them  will  be  half  of  the  external  Angle 
"  EHF  ;  but  the  Angle  EHO  is  likewifc  equal  to  half  of  the  Angfe 
*«  EHF ;  therefore  the  Angles  TEH,  EHO,  will  be  equal  to  one 
**  another  ;  and,  confequently,  the  Lines  E  T  and  H  O  will  be  pa- 
<^  rallel  to  one  another ;  and  the  Angle  POZ,  whk^meafiires  the 
«'  Diftance  from  the  Pole  to  the  Zenith  of  the  Point  l^vitl  be  e<nial 
<^  to  the  Angle  BET,  which  was,  by  C(mftruAion,V|Len  equ^d  to 
**  the  given  Diftance  of  the  Pole  from  the  Zenith  \  wbjfjkwas  to  he  de- 
'^  '«  nwnJircUed* 

"  Now,  if  the  Proportion  of  the  longeft  Diameter  of  the  EUipfe 
«^  BC  to  EF,  the  Diftance  of  the  Foci,  be  taken  at  Pleafiire,  one 
«^  may  by  Calculation  find  all  the  Points  of  the  EUipfe  as  H,  to  de« 
"  termine  die  Degrees  by  this  Analogy. 
«  As  Fr  or  BC: 
"  Isto  EF:: 

"  So  is  the  Sine  of  the  Angle  PET  (the  given  Diftance  from  the  Pole  to 
"  the  Zenith): 

"  To  the  Sine  of  the  An^e  ETF,  or  TEH:  Whofe  Quantity  will 
«*  confequently  be  J^nown.    This  Angle  TEH  being  added  to  the 

"  Angle 
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««  Angle  PET,  the  given  Diftance  from  the  Pole  to  the  Zenith  of  the 
•«  Point  H,  will  givfc  the  Quantity  of  the  Angle  BEH,  which  a  Line 
"  drawn  from  the  Focus  to  H,  die  Point  required,  makes  with  the 
•^  Axis  of  the  Ellipfe.  ^ 

"  Then  in  the  Triangle  EHF,  whofe  Side  EF  is  known,  as  well 
«  as  the  Angle  EHF,  which  is  the  Double  of  the  Angle  TEH,  and 
"  the  Angle  FEH  Supplement  of  the  Angle  BEH;  one  fhall  have 
"  the  Length  of  the  Side  EH,  known  in  Parts  of  the  Axis  BC. 

"  After  the  fame  Manner,  may  be  found  the  Angles  BEI,  BEV, 
"  iSc.  and  the  Length  of  the  Lines  EI,  EV,  to  determine  the  Dif- 
"  tance,  from  the  Pole  to  the  Zenith,  of  all  the  Degrees  of  tha 
*«  Circumference  of  the  Earth  \  and  in  the  reftilinear  Triangles  HEI, 
<«  lEV,  whofe  Sides  HE,  EI,  EV,  are  known  as  well  as  the  An- 
**  gles  comprehended  between  the  Sides  HE,  EI,  IE,  EV,  which 
««  are  the  Differences  of  the  Angles  BEH,  BEI,  BEV,  determined 
«*  above  ;  one  Ihall  find  the  Length  of  the  Chords  HI,  IV,  compre- 
*»  hended  between  each  Degree'*. 

Monf.  Cafiniy  in  the  Memoirs  for  the  Year  171 8,  repeats  the  fame 
Demonftration  ;  except  that,  before  it,  he  fhews,  that  if  feveral  Points 
be  taken  upon  a  Terreftrial  Meridian,  on  the  Surface  of  an  Elliptick 
Earth,  as  G,  H,  I,  K,  in  fuch  Manner,  that  their  refbeftive  Zeniths  p|  ^g 
Z,  L,  M,  N,  are  diftant  ftx>m  one  anodier,  an  egual  Number  of  De- 
grees meafured  in  a  Celeftial  Meridian  ;  the  Lines  Z  G,  LH,  MI, 
N  K  (which  are  perpendicular  to  the  Ellipfe)  beins  produced,  will 
meet  in  the  Points  O,  R,  and  S,  making  equal  Angles  ;  but  as  thofe 
angular  Points  are  not  equally  diftant  from  the  Curve  of  the  Ellipfe» 
that  Elliptic  Arc  mufl  be  the  longefl  whofe  angular  Point  is  farthefl 
off.  Now,  by  the  former  Demonftration,  it  appears,  that  thofe  Arcs, 
which  are  taken  neareft  to  the  leffer  Axis,  will  have  their  angular  Points 
farther  removed,  ISc. 

If  M.  CnJJini'%  Meafures  of  Terreftrial  Degrees,  decreafing  from 
the  -Equator  towards  the  Pole,  were  grounded  on  Obfervations  liable 
to  no  Error,  he  would  have  fully  proved  his  Figure  of  the  Earth. 
But  Ance  thofe  Meafures  (however  accurately  taken)  are  not  built  up- 
on a  mathematical  Certainty,  his  Premifes  may  be  called  in  Queftion^ 
and  his  Conclufion,  tho*  mathematically  drawn  from  thefe  Premifes,  is 
only  probable. 

Now  therefore,  it  I  can  fhew  from  undoubted  Pb^snomena,  that  his 
Conclufion  will  lead  to  an  Abfurditv,  his  Meafures  muft  be  lalfe  \ 
becaufe  his  Reafoninc  from  them  is  juft-  I'his  I  (hall  endeavour  to  do. 
firft,  which  will  di^rove  his  Figure  of  the  Earth ;  and  afterwards 
endeavour  to  point  out  fome  of  the  Errors  which  I  fuppofe  to  have 
occafioned  the  Miftake  in  the  Meafures. 

M.  Cajfinh  aswell  as  the  Efiglifb  Aftronomers,believcsthat  the  Earth 
makes  one  Revolution  about  its  Axis,  once  in  23  Hours  ^6',  becaufe 
in  that  Time,  the  Plane  of  any  Meridian  returns  to  the  fame  fixed  Scar 
froln  which  ic  had  departed.  Let 
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.  Let  t?  be  taken  m  any  Par.allel  of  Latkude^.  a$  forEjcAmple,  m  the 
Latitude  of  .51^  4C',  a  i*ldini3  Line,  LH,  wjU  be  pe'rpendicular  to 
the  Curve  BH,  at  H,  anc^  produced  .pais  tbro^  the  Zenith  of  rh^ 
Point  H,  if  the  Earth  had  no  Diurnal  Rotation;  but  fince  the  Earth 
moves  round  its  Axis,  all  Bodies  upon  ics  Surface,  endeavour  to  fly 
from  the;  Axis  of  their^  Motion  with  a  Force  proportionable  to.  their 
t))1ih\\cc.  from  it.  in  a  biredlion  along  tlie  Plane  <)f  that  Parallel,  in 
\vl\ich  diey  V'e-'  Let 'that  Force  (explained  by  M»  Tlujjg^ns^  and  alli- 
ed a  Centrifugal  Force)  be  reprefented  by  the  Line  H/^.or  its  Equal 
and  raVallel  L  b  \  now  a  Plummet  placed  at  L,  if  the  Earth  ftood 
llill,  would  defcend  in 'the  Line  L  H,  but  as  it  is  at  the  fame  Time  ac- 
ted upon  by  the  Force  H  /  in  the  Dire6lion  L  h^  it  will  move  in  the  Di- 
redion  L I  Diagonal  of  the  Parallelogram  H  /,  according  to  the  known 
Laws  of  Mechanicks ;  and  tlieTlumb  Line  LH,  inlteaJ  bf  being 
perpendicular  tophe  Curve  at  H,  will  in  the  Latitude  51®  46'make 
an  Angle  of  5'  with  HL.  This  Angle  will  be  lefs  towards  the  Poles, 
till  at  the  very  Pole  it  quite  vahiflies,  as  it  alfo  does  at  ,the  iEqua- 
tor.  Now  fince  there  is  no  fuch  Angle  obferved,  but  in  all  Water 
Levels  .we  find  the  Plumb  Line  always  perpendicular  to  the  Line  of 
Level,  the  Surface  of  the  Earth  muft  be  oeprefled  towards  G,  and 
rife  farther  from  the  Axis  towards  I,  in  order  to  become  perpendicular 
(that  is,  to  have  its  Tangent  perpendicular  j.  to' the  Liriel^/,  in  which 
we  have  fhewn  that  the  Plumb  Line  miift  defcend. 

If  tliere  is  any  body  fo  fond  of  M.  CaJ/iui*s  Hypothefis,  as  to  de- 
ny the  Diurnal  Motion  of  the  fiarth  for  the  Sake  of  it,  I  hope  they 
will  be  convinced,  when  I  Ihew  the  Meafures,  upon  which  it  is  found- 
ed, to  be  infufiicient  for  determining  thft  diflferent  Lengths  of  the  De- 
grees of  a.  Tcrreftrial  Meridian, 

But  here  I  would  not  be  thought  to  endeavour  to  lefleh  the  Priife 
due  to  the  Gentleman  of  the  Royal  Academy^  for  carrying  on  a  Me- 
ridian the  whole  Length  of  France  Jrom  Dunkerque  thro'  the  Royal  Ob- 
fervatory  at  Paris^  quite  to  the  Pyrenaan  Mountains  on  the  Borders 
of  Spain.  Aftronomy  and"  Geography  are  doubtlefs  much  indebted 
to  the  Encouragement  ^iven  by  the  jFr<f»rZ>  Government,  and  to  the 
Care  of  their  Mathematicians,  who  haVe  omitted  no  proper  Method 
for  drawing  their  Meridian^^and  corre6ling.it  as  they  went  on.  So  ma- 
ny Obfervations  of  the  rifing  and  fettingSun,  fo  many  equal  Altitudes 
of  the  fame  Stars  accurately  takerf,  fo  many  Digreffions  of  Stars,  fo 
many  other  Obfervations  made  with  the  Teleicope  ind  good  Pendulum- 
Clocks — all  compared  together,  for  the  true  fettling  of  the  direfl:  Way 
of  this  famous  Meridian,  leave  no  Doubt  but  that  it  is  as  perfed  as  the 
Nature  of  the  Thing  is  capable  of.  And,  certainly,  by  the  Help  of 
this  Line,  and  the  ftveral  Triangles  made  ufe  of  for  carrying  it  on,  a 
better  Map  of  France  is  made,  than  has  ever  been  of  any  Country  be- 
fore :  Nay,  befides,  I  believe  we  may,  at  a  Medium,  very  well  re- 
ceive their  Number  of  57060,  or  57061  Toifes,  for  the  Meafure  of 

a  Degree 
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a  Degree  of  a  Meridian  of  the  Earth,  one  with  another.  Bur  to  fay, 
that  thofe  Gendemen  could  obfcrve  the  Latitude  fo  nicely,  as  to  find  a 
Difference  in  the  Length  of  the  Terreftrial  Degrees,  and  that  only  q{ 
eleven  or  twelve  Toifes  ("when  they  made  it  the  leart)  or  of  thirty  one 
Toifes  ("when  they  made  it  themoK^  is  attributing  to  them  an  Exaft- 
nefs,  fo  far  beyond  the  Nature  of  the  Inftruments  which  they  made  ufe 
of,  that  it  would  be  rather  a  Difpraife  than  a  Commendation  to  infill 
upon  it. 

For  in  the  6rft  Place,  the  Inllrument,  with  which  they  took  Obfer- 
vations  for  the  Latitude  at  the  two  Ends  of  their  Meridian,  was  a  ten 
Foot  Seftor  Cwhich  was  worfe  than  that  which  M.  Picard  had  made 
Ufe  of  before,  becaufe  the  Telefcope  of  his  Seftor  was  of  ten  Foot, 
whereas  M-  Caffinfs  was  but  -of  three  Foot,  tho*  applied  to  the  ten 
Foot  Seftor)  where  the  two  hundredth  Part  of  an  Inch  anfwers  to  eight 
Seconds  of  a  D^ree :  Now  the  two  hundredth  Part  of  an  Inch,  being 
one  of  the  Icaft  vifiblc  Parts  that  we  can  fee  in  a  divided  Line  ;  they 
could  not  take  an  Angle  nearer  than  that  5  nay,  their  Inftrument,  ac- 
cotxiing  to  their  own  Defcription  of  it,  was  divided  but  to  every  twen- 
ty Seconds.  Now  they  allow,  that  fixteen  Toifes,  upon  the  Surface 
of  the  Earth,  anfwer  to  one  Second  in  the  Heavens  ;  and  they  don't 
pretend  to  have  taken  an  Obfervatbn  nearer  than  to  about  three 
Seconds,  which  therefore  cannot  determine  a  Difference  lefs  than  forty 
eight  Toifes  ;  whereas  the  Degrees  are  only  fuppofed  to  decreafe  at 
mod,  thirty  one  Toifes  each,  from  Collioure  to  Dunkerque-  But  an 
Error  of  eight  Seconds  would  make  a  Difference  of  one  hundred  and 
twenty  eight  Toifes,  on  the  Surface  of  the  Earth ;  above  ten  times 
greater  than  the  Difference  of  Degrees  in  the  firft  Suppofition,  and  four 
Times  greater  than  that  Difference  in  the  laft.  Beudes,  the  Latitude 
was  not  obferved  in  the  intermediate  Places  between  Paris  and  Colli- 
eurcj  widi  the  abovementioned  Inftrument  of  ten  Foot  Radius ;  but 
they  made  ufe  of  a  Quadrant,  whofe  Radius  was  only  thirty  nine  In- 
ches, and  fometimes  an  Odtant  of  three  Foot  Radius.  Nay,  they 
fay  thcmfelves,  in  their  Account,  that  itis  nottheObfervations  made 
at  the  Ends  of  the  Meridian,  that  we  are  to  deduce  the  Difference  of 
the  Length  of  a  Degree  from,  but  tlie  Altitudes  taken  at  feveral  Pla- 
ces between  the  Extreams ;  and,  if  'we  grant,  that  they  can  take  an 
Angle  very  well,  to  four  or  five  Seconds,  with  the  great  Inftrument, 
they  cannot  come  nearer  than  twelve  or  fifteen  Seconds,  with  the 
Quadrant  or  Odbant,  which  we  muft  depend  upon  for  the  Difference 
of  the  Meafure  of  D^rees :  So  that  upon  the  whole,  we  are  to  de- 
termine a  Length  of  thirty  one  Toifes,  by  an  Inftrument  which  is  lia- 
ble to  err  above  two  hundred. 

If  any  Confequences  of  this  Kind  could  be  drawn  from  aftual.mea- 

furing,  a  Degree  of  Latitude  Ihould  be  meafured  at  the  ^Equator, 

and  a  Degree  of  Longitude  likewife  meafured  there ;  and  a  Degree 

very  northerly,  as  for  Example,  a  whole  D^ree  might  be  aftually 

Vol.  VI.  B  b  b  meafured 
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nieafurccl  upon  the  BaUickSesiy  when  frozen,  in  tfacLiatitudcDf  llattf 
Degrees. — There,  according  to  M,  Caffini^s  laft  Suppofition,  a  Degree 
would  be  of  56653  Toifesj^'whercas,  at  the  Equator,  ic  would  be  of 
^8019  Toifts,  the  DiSerence  being  1364  Toifes,  about  the  two  and 
rortierh  Part  of  a  Degree,  which  muft  biefenfible;  and  likewife  the 
Degree  of  Longitude  would,  according  to  him,  be  of  56817  Toifcs,. 
Jefs  by  1202,  or  the  forty  eighth  Part,  than  a  Degree  of  Latitude  ^t 
the  fame  Place. 

But  here  it  may  be  obje^ed,  that  thb*  the  Latitude  .was  not  taken 
with  the  ten  Foot  Seftor,  in  the  intermediate  Places  between  Paris  and 
Collioure^  yet  the  Latitude  was  taken  with  that  Inftrumenc  at  Dun- 
hrque^  Paris ^  and  Colliourcy  and  therefore  thefouthern  Part  of  the  Me- 
ridian, containing  6^  18'  56''  may  be  compared  with  the  northern 
Part  of  it,  which  contain^  2^  ix*  16^  \  and  that  the  former  appears 
to  contain  more  Toifes,  in  Proportion  to  the  Difference  of  Latitude 
at  its  Extremities,  than  the  latter.     To  this  may  be  anfwered,  that^ 
even  in  thi^  Cafe,  the  Obfervations  made  cannot  be  nice  enough  to  de- 
termine the  Difference  of  the  Length  of  Degrees  ;  but  there  is  another 
Error,  which  might  cdnfiderahljr  miflead  the  French  Gentlemen,  and 
make  the  Degrees  appear  longer  in  the  South  xrf  Frtm^e  ;  that  is,  the 
Error  in  taking  the  true  Height  of  fe^ral  Mountains  in  Auverpie\ 
Languedoc^  and  among  the  Pyrttneans.    For  if  they  have  allowed  too 
much  for  the  Air's  Refraftion  (which,  by  the  Obiervations  of  Tra-. 
vellers,  is  greater  towards  the  northern  Regions^  anddiniiniihesasw« 
go  Southward)  the  Heights  of  thofe  Mountains  will  be  taken  too  lit- 
tle, and  their  Bafcs  contequcntly  longer,  which  will  make  die  I>egreea 
appear  bigger  than  they  are.     Let  ABCD,  for  Example,  be  a  Moun* 
Fig.  184.       tain,  as  the  Mountain  of  Rodex^  in  the  Latitude  ol  44^  21',  whofe 
Height  BD  is  300  Toifes,  and  whofe  Sides  AB  and  BC  (fuppofcd 
to  make  an  Angle  of  26*^  33',  with  the  Horizonj  are  found  by  Tri* 
gonometry,  to  be  of  670,8  Toifes  each  ;  if  by  a  Miftake,  in  tak* 
ing  the  Height,  it  be  fuppofed  only  equal  to  ED,  or  257  Toifes,  then 
the  Lines  AB  and  BC  will  become  £F  and  EG-,  fo  that  the  Bafe  AC, 
which  before  was  of  1200  Toifes,  will  become  equal  to  FG,  which 
will  appear  to  be  1279,6  Toifes,  by  EucL  47.   i.  Now  one  fuch  Mif-^ 
take,  in  one  Degree,  will  give  a  Difference  above,  twice  as  great  as  the 
fuppofed  Difference  of  Degrees  in  that  Latitude,  which  they  make  of 
3 1  Toifes.     And  that  there  was  a  Miftake  of  this  Kind  in  taking  the 
Height  of  that  Mountain,  I  fhall  (hew. 

•The  Vapours,  that  generally  float  in  the  Air  about  the  Tops  cf 
high  Hills,  make  it  fo  difficuk  to  take  their  Height  exactly,  that  Ex- 
periments, made  with  the  Barometer,  will,  by  obfcrving  the  Fall  of 
tlie  Mercury,  (hew  the  Height  nearer  than  any  Thing  elfewi  know  of. 
There  were,  indeed,  feveral  Experiments  made  with  the  Barometer  *, 
where  the  Differences  of  the  Height  of  the  Mercury,  from  the  Heights 
at  which  it  flood  at  die  Royal  Obfcrvatory,  are  laid  to  anfwer  to  fo 
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uiATtf  Toifcs  5  but  of  nine  Obfcrvations  menck>ned  by  M.  Cafftm^ 
there  tre  not  nro  where  the  Number  of  Toifcs,  faid  to  correfpond  to 
tiie  Heights:  of  the  Barometer,  do  agree  together. 

*  The  firft  Experiment  of  the  Barometer  there  mentioned,  made  at 
Coiihurej  waa  this;  ^  At  the  Height  of  ii  ^  Toifcs  above  the  Sea, 
^  the  Barometer  was  fet  op;  and  the  Mercury  (tood  3  j  Lines  higher 
^  than  at  the  RoyM  Obfervatpry  (in  the  Tower  of  the  caftern  Hall) 

*  at  the  fame  Time ;  and  therefore^  fincc  that  Tower  is  44  Toifcs 
«  higher  than  the  Sol,  3  i  Lines  of  Mercury  rnuft  anfwer  to  32  ^ 

^  Toifea. 

Now,  reducing  thefe  Toifes  to  Feet,  and  dividing  by  3f  it  will  ap« 
pear  that  a  He^hc  of  58,5  Feet  will  anfwer  to  the  Fall  of  one  Line  of 
Mercury  ift  the  Barometer.  Let  this  be  taken  as  the  Standard,  and  the 
€>ther  Obferrations  be  comparedwith  it.  This  n^y  be  done  by  the 
following  Table,  where  the  firft  Column  ikews  the  Place  where  thd 
Obfcrvation  was  made ;  the  foeond^  the  Fall  or  Rife  of  Nfercur y  ai  ' 
each  Pllace  ejBprcfeJii^  Linej,  c*  I2<hf  Parts^  of  a  Frif/eh  Inch ;  the 
third,  the  Heights  oiSQ^p*^  angering  to  thofe  Line^of  Mercury^ 
which,  in  the  Nfem«>irs;  are -giVTO' in  T6ifes,  btft-hfete  reduced 'to 
Feet;  the  fourth,  the  NimiW2of  Fe«tiiil(W^ring*tq^ 
cury  in  each  Obfervation,  whith'  is  the  (^otj^^  of  the  FSet  in'tkt 
rhird  Column,  divided  by  the  Number  ofXiiesiA  the  Second. 


Ohjirvations  of  the  Bare- 
tneter  rnade  dp '\  v 

;  ^  V 

L  CoUioure 

II.  The  Ji^w^r  <j/*Ma(rane. 

III.  Bugarac 

IV.  Rupeyroui 

V.  Rodez 

VI.  Rodez 
Vll.Courlande 

VIII.  Cofte 

IX.  Clermont 


Lines  ofy^  Said  to  cor-  \ 

MWQ^iyl 

.iieffonS'  - 

j  L.'.uW) 

-mthFtet. 

03^"' 

'  # 

3* 

2382 

42 

^6^6 

30 

2181 

24 

■     1647 

20 

1425 

1     54 

4812 

54 

4890 

03 

200 

of  ■  Mercury   ^m- 
fiit^HoFeet. 

76,8 
86,5 

68,6 

89,1 
92,4 
66,6 


A  Sight  of  this  Table  will  convince  any  one,  that  thefe  Obfervati- 
ons  are  not  to  be  depended  upon  for  determining  the  Height  of  the- 
Mountains  in  the  South  of  France ;  for  the  Differences  are  not  fmall, 
fuch  as  might  happen  in  rriaking  the  Experiments  ;  but  fuch  as  ren- 
der the  Obfervations  ufclefs  for  the  Purpofes  abovementioned.  For 
Example,  the  firft  and  the  feventh  differ  almoft  j  :  And  if  58,5  Feet 
were  allowed  for  the  Fall  of  one  Line  of  Mercury  in  the  feventh  Ob- 
fcrvation, inftead  of  944  Feet,  then  the  Mountain  of  Cojie  would  be 
but  3085  Feet,  inftead  of  48^0.  Nay,  upon  examining  the  Memoirs, 
I  find  that  in  feveral  Obfervations  the  Number  of  Tpifo,  faid  to  cor- 
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rcfpond  to  a  certain  Height  of  Mercury,  arc  only  anfwerable  to  the 
Height  of  the  Mountain  above  the  Level  of  the  Sea  found  by  Trigo- 
nometry, from  which  the  Height  of  the  Royal  Obfcrvatory,  above 
the  Sea,  is  fubftraded  ;  though,  by  the  Manner  of  the  ExpreflSon,  a 
curfory  Reader  would  imagine,  that  the  Number  of  Toifes  named, 
was  always  proportionable  to  the  Fall  of  the  Mercury,  and  think  all 
the  Experiments  and  Obfervations  very  accurately  made,  when  they 
feem  to  agree  fo  well  in  every  Refped:. 

Now  after  all,  I  do  not  qaeftion  but  that  the  Height  of  the  Baro* 
meter,  might  be  as  it  is  fee  down  in  the  Memoirs,  and  well  enough, 
obferved  ;  but  it  was  wrong  to  compare  the  Height  of  the  Mercury 
in  the  South  of  France^  with  the  Height  that  the  Mercury  was  at  in 
the  Barometer  of  the  Royal  Obfervatory  at  the  fame  Time ;  for,  at 
that  great  Diftance  and  Difference  of  Latitude,  the  Weather  (and 
confequently  the  PreflTure  of  the  Air  and  Height  of  the  Barometer  at 
the  fame  Level)  might  very  much  vary. 

Even  when  there  is  fair  Weather  all  over  France^  it-does  not  follow 
that  the  Barometer  (hall  (land  at  the  fame  Height.  Let  us  fuppofe, 
for  Example,  that  a  North  Wind  blows :  Where-ever  the  Air  is  check* 
cd  by  a  Chain  of  Mountains  that  run  Eaft  and  Weft,  it  will  be  accu* 
mijlated  over  thofe  Mountains,  and  confequently  prefs  more  aa  its  Co- 
lumns are  higher  j  which  will  make  the  Mercury  rife  higher  than  it 
would  do  with  the  fame  Wind,  if  there  were  no  Mountains,  or  if  tljpy 
ran  North  and  South. 

The  Way,  to  have  made  the  Experiments  with  the  Barometer  ex- 
aftiy,  would  have  been  to  have  obferved  the  Height  of  the  Mercury 
at  the  Bottom  and  at  the  Top  of  the  Mountain,  and  that  with  a  Tube 
of  a  pretty  large  Bore  ^with  a  proportionably  large  Cittern  for  the 
ftagnant  MercuryJ  becaufe,  in  a  fmall  Tube,  the  Mercury  will  of- 
ten ftick  to  the  Sides,  and  rife  irregularly,  as  it  will  alfo  in  inclined 
Barometers.  Simple  Barometers  are  the  beft,  and  a  magnifying  Glafs 
may  be  made  ufe  of  to  pbferve  fmall  Rifes  or  Falls,  having  two  fine 
and  well  made  Indices  to  the  Tube, 

Dr.  Hdlley,  has  given  us  *  the  Falls  of  Mercury  in  the  Barometer, 
^correfponding  with  the  Heights  to  which  the  Barometer  muft  be  carri- 
ed  to  produce  thofe  Falls.  The  firft  tenth  Part  of  an  Inch  in  the  Fall  • 
of  the  Mercury,  he  makes  to  anfwer  to  a  Height  of  90  Feet ;  the 
next  tenth,  to  a  Height  fomething  greater,  and  fo  in  Proportion, 
as  the  Air  dimini(hes  in  Denfity,  according  ^s  we  rife  in  Height.  The 
Proportion  of  the  firft  Tenth  of  the  Mercury's  Fall,  he  has  built  up- 
on the  Comparifon  of  the  different  Specifick  Gravities  of  Air  and 
Mercury  ;  and  taking  Mercury  to  be  13  ^  Times  heavier  than  Wa- 
ter, and  Water  fin  cold  Weather)  to  be  800  Times  heavier  than 
Air  ;  it  follows,  that  13,  5x800,  will  give  10800  ;  which  Number, 
if  it  be  taken  in  Feet,  and  divided  by  120  (the  Number  of  the  lOth 
*  See  Lowthorp'j  Abridgment,  Vol.  11.  Chap.  11.  Scft.  VIII. 
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of  an  Inch  in  a  Foot)  we  fhall  have  90  Feet  anfwerable  to  the  loth 
Part  of  an  Inch,  and  j^  Feet  to  a  Line  or  the  12th  Part  of  an  Inch. 

Now,  as  very  few  Mountains  in  the  World  are  3  Miles  high,  and, 
generally  fpeaking,  thofe  that  we  look  upon  as  high  Hills  (except 
the  Andes^  and  fome'  others  in  America)  arc  not  much  above  a  Mile 
high  ;  we  may,  for  finding  the  Height  of  Mountains,  take  a  fixed 
Number  of  Feet  in  Altitude  to  anfwer  to  every  loth  or  12th  of  an 
Inch  in  the  Fall  of  the  Mercury ;  becaufe  90  Feet  are  by  Dr.  HalU'j 
only  taken  for  the  firft  Tenth,  and  greater  Heights  for  other  Tenths, 
cncreafing  with  the  Fall  of  the  Mercury.  Therefore  I  would  propofe 
another  for  a  round  Number,  namely  ^6  Feet  for  every  Tench,  and 
80  Feet  for  every  12th  of  an  Inch,  very  near  the  Number  that  I  have 
found  by  my  Calculation,  which  is  as  follows. 

Fine  Mercury  (fuch  as  is  made  ufe  of  in  Barometers)  15,  generally 
fpeaking,  1 3  f  Times  heavier  than  Water",  and,  I  found  fome  brought 
from  the  Eafi- Indies j  to  be  14  Times  heavier.  I  have  found  Air  in 
Summer,  to  be  near  900  Times  lighter  than  Water ;  and  800  Times 
in  Winter  ;  therefore  I  take  850  at  a  Medium.  Now  S50  x  13  f  = 
1 1606,6,  which,  divided  by  120,  gives  96,7  Feet,  for  f  ^  of  an  Inch 
of  IN^rcury,  or  80.5  Feet  for  \^  of  an  Inch.  This  Number,  taken 
inva/iable,  will,  in  taking  the  Height  of  feveral  Hills,  agree  pretty 
wel/with  the  Numben  that  come  out,  when  Dr.  Halle fs  Table  is  made 
ufe  of ;  and  with  the  Experiment  made  by  the  late  Profeffor,  Mr.  J. 
Cafwelly  who,  having  taken  the  Height  of  Snowdon  Hill  in  Caernar- 
von/hire very  accurately,  and  finding  it  to  be  3720  Feet  above  the  Le- 
vel of  the  Sea,  tried  how  much  lower  the  Mercury  would  ftand  in 
the  Barometer  upon  that  Hill,  than  at  the  Level  of  the  Sea,  and  ob- 
fcrved  it  to  fubfide  3,9  Inches.  I  am  fenfible  that  it  will  be  alledged, 
that  the  Air  will  be  denfer  than  I  may  imagine  on  the  Top  of  high 
Hills,  becaufe  of  the  great  Cold,  fince  they  are  generally  covered 
with  Snow,  but  then  we  are  to  confider,  that  when  we  are  got.a- 
bove  a  Mile  higher  than  the  Level  of  the  Sea,  the  incumbent  A tmo- 
fphere  has  loft  almoft  a  fifth  Part  of  its  Weight  -,  and  therefore  the 
Air  at  the  Top  of  the  Hill,  being  fo  much  lefs  prefs'd,  will,  notwith- 
ftanding  the  intenfe  Cold,  be  more  ratified  than  at  the  Bottom  of  the 
Hill. 

Now  if  we  go  back  to  the  Obfervations  of  the  Barometer,  made  by 
the  Gentlemen  that  drew  the  Meridian  in  France^  we  fliall  find,  that 
on  the  Mountain  of  RodesLj  in  the  Latitude  of  44^,  21'  the  Baro- 
meter fell  24  Lines  below  the  Level  of  that  in  the  Obfervatory,  and 
they  allowed  only  274-1  Toifes  to  correfpond  to  that  Fall ;  whereas, 
according  to  Dr.  Halley's  Proportion  of  a  Tenth  of  an  Inch  for  90' 
Feet,  they  fliould  have  taken  300  Toifes  •,  and  tho'  the  Hypolcnu/es 
AB,  and  BC,  were  taken  longer  than  the  bare  Declivity  of  the  Moun- 
tain (which  would  make  the  Error  lefs  than  the  79  Toifes  I  mentioned 
above^  yet  if  my  Proportion  be  made  ufe  of,  viz.  of  80  Feet  for 
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C    H    A    P.      VI.    . 

Geography^  Navigation. 

I.  I.  ripH  A  T  the  Earth  is  of  a  fpherical  Figure,  or  nearly  fuch,  a  Difaiatioit 
\     has  been  proved  fo  often,  and  by  fo  many  unanfwerable  concerning  tht 
Arguments,  that  to  repeat  them  here  would  be  tedious.     But,  as  a  lit-  ^^^''f  ^  '^^ 
tie  Variation  from  a  true  Sphere  (befides  the  Irregularity  of  high  Hills  rZ^,  Lt/dL 
and  deep  Vallics)  does  not  hinder  us  from  calling  the  Earth  a  Globe  ;  faguiiers, 
fo,  to  determine  what  that  Variation  may  be,  fince  modern  Philofophers  ^^-  ^  ^-  ^-  ^• 
are  divided  about  it,  may  be  a  Subject  not  ungrateful  at  this  Time.      "•  3*6.  p.  201. 

Monfieur  Cq^ni (ays:  "  That  the  Earth  is  an  oblong  Spheroid, 
"  higher  at  the  Poles  than  the  .Equator,  making  the  Axis  longer  than 
*^«  a  Diameter  of  the  -flEquator  about  thirteen  French  Leagues,  which 
"  he  deduces  from  comparing  his  Father's  Meafures  of  the  Meridian, 
"  from  Parii  to  the  Pjrenaran  Mountains,  with  thofe  of  Monf.  Pi- 
*>.  card  i  of  which  an  Account  may  be  fcen  in  the  Memoirs  of  the 
*'  Royal  Academy  for  17 13.  But  having  afterwards  continued  the 
^*  Meridian,  which  is  drawn  through  France,  from  Paris  to  Dunkerque, 
•*  he  ftill  draws  Confequcnces  to  prove  the  Earth  an  oblong  Sphe- 
."  roid^  but  then  makes  the  Axis  exceed  the -Slquatorial  Diameter 
**  34  Leagues. 

**  Sir  Ifaac  Newton  makes  the  Earth  higher  at  the  iEquator,  and, 
'*  confequentiy,  flatted  towards  the  Polds,  reckonmg  its -ffiquaforial 
**  Dian^eter  34  EngUJb  Miles  longer  th/m  the  Axis  i  which  he  proves 
*«  from  the  Principles  of  Gravity,  and  the  Centrifugal  Force  that  a- 
**  rifcs  from  the  Diurnal  Rotation  of  the  Earth  ;  and,  to  confirm  this, 
♦*  mcnticnSjJMrfal  Experiments  on  Pendulums,  which  hav£  been  made 
^'  fhortier,  towing  Seconds,  near  the  -Equator,  than  in  greater  La- 
**  titudes.'* 

Thefe  are  the  two  Opinions  which  have  divided  Philofophers,  and' 
which  we  propofe  to  examine  here. 

M,  Caffini^  taking  the  NJieafure^  above-mentioned  to  be  exaft  e- 
Dougji,  not  only  to  determine  the  .Magnitude  of  a  Degree  of  the 
Earth,  correfponding  with,  a  Degree  of  the  great  Circle  of  the  Hea- 
vens, but  alfo  to  fhew  the  Difference  in  the  Degrees  of:  the  Earth  ;  (reck- 
oning thofe,  that  were  meafured  in  the  South  of  France^  to  exceed" 
tliole  towards  the  North,  by  a  certain  Number  of  Toifes  and. Feet)' 
demonftrates,  that  if  the  Degrees  of  the  Earth  are  longer  towards  thr 
JEquator  than  the  Poles,  the  Plane  of  the  Meridian  muit  bean  FUipfe, 
whole  long  Axis  is  that  of  the  Earth.  Here  /blljws  his  firft  Demon*- 
ftration.  [See  the  French  Memoirs  for  the  Tear  1713.]  "  Let 
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Fig.  182.  <*  Let  BDCR  be  an  EUipfe  that  reprefents  a  Meridian  of  the  Earth, 

«<  whofe*  Poles  B  and  C  are  at  Ends  of  the  ereat  Axis  BC,  and  whofc 
"  Foci  E  and  F  are  taken  at  Pleafure.  Now<^  to  divide  this  EUipfe 
«  into  Degrees^  that  isj  to  find  feveral  Points  H,  I,  V,  fucb^  that  the 
'  *  Dijlance^  from  the  Pole  to  the  Zenith^  of  every  one  of  tbem^  Jhdl  he  of 
•«  an*j  given  Number  of  Degrees. 

"  From  E,  one  of  the  Foci  of  the  EUipfe,  draw  the  Line  ET,  fo 

' '  Diftance  given  from  the  Pole  to  the  Zenith.  From  the  other  Focus 
<'  F,  with  the  Diftance  BC  equal  to  the  Axis,  draw  an  Arc,  to  cut 
«  the  Line  ET  at  T.  I  fay,  that  the  Line  FT,  drawn  firom  the 
"  Point  T  to  the  Focus  F,  will  cut  the  Ellipfe  at  the  Point  H  ;  which 
"  Point  b  fuch,  that  the  Diftance  of  the  Pole,  firom  its  Zcniih,  con- 
**  tains  the  given  Number  of  Degrees. 

**  From  the  Point  H,  raife  H  Z,  perpendicular  to  the  Ellipfe, 
^^  which  will  pafs  through  the  Zenith  Z  \  and,  being  produced  in- 
"  wards,  will  meet  the  Axis  of  the  Earth  at  O,  and  (by  the  Proper- 
**  ty  of  the  Ellipfe)  divide  the  Angle  EHF  into  two  equal  Parts. 
"  From  the  Point  H,  draw  likewife  HP,  parallel  to  the  Axis  BC, 
*«  and  directed  to  the  Pole  P,  fuppofcd  at  an  infinite  Diftance.  The 
«*  Angle  PH2^  or  POZ,  meafiires  the  Diftance,  from  the  Pole  to 
«(  the  Zenith,  of  an  Inhabitant  dwelling  upon  die  Earth  at  the  Point 
"  H.  FT  is  equal  to  the  Axis  BC,  by  Conftrudion ;  but,  by  the 
**  Property  of  the  Ellipfe,  BC  is  equal  to  EH  plus  HF  5  taking  a- 
«^  way  from  both  FH,  which  is  common,  EH  will  remain  equal  to 
«  HT.  The  Angles  ETH,  TEH,  will  therefore  be  equal,  and, 
<«  confequently,  each  of  them  will  be  half  of  the  exrernal  Angle 
*'  EHF  ;  but  the  Angle  EHO  is  likewife  equal  to  half  of  the  Angle 
*«  EHF  •,  therefore  the  Angles  TEH,  EHO,  will  be  equal  to  one 
*'  another  ;  and,  confequently,  the  Lines  E  T  and  H  O  will  be  pa- 
«^  rallel  to  one  another;  and  the  Angle  POZ,  wUdLmeaAires  the 
"  Diftance  from  the  Pole  to  the  Zenirfi  of  the  Point  ^viN  be  coual 
<^  to  the  Angle  BET,  which  was,  by  QM)ftrudk>n,V^en  equsd  to 
*»  the  given  Diftance  of  the  Pole  from  the  Zenith  ;  wbJlKkwas  to  be  de- 
^  "  nionjlrated. 

*'  Now,  if  the  Proportion  of  the  longeft  Diameter  of  the  Ellipfe 
«'  BC  to  EF,  the  Diftance  of  the  Foci,  be  taken  at  Pleafiire,  <Mie 
«^  may  by  Calculation  find  all  the  Points  of  the  Ellipfe  as  H,  to  de« 
"  termine  the  Degrees  by  this  Analogy. 
«  As  FT  or  BC: 
"  Isto  EF:: 

"  So  is  the  Sine  of  the  Angle  PET  (the  given  Diftance  from  the  Pole  to 
"  the  Zenith): 

"  To  the  Sine  of  the  Angle  ETF,  or  TEH:  Whofc  Quantity  will 
««  confequently  be  J^nown.    This  Angle  TEH  being  added  to  die 

"  Angle 
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«•  Anjgle  iPET,  the  given  Diftance  from  the  Pole  to  the  Zenith  of  the 
•«  Point  H,  will  give  the  Quantity  of  the  Angle  BEH,  which  a  Line 
"  drawn  from  the  Focus  to  H,  the  Point  required,  makes  with  the 
«  Axis  of  the  Ellipfe.  ^ 

"  Then  in  the  Triangle  EHF,  whofe  Side  EF  is  known,  as  well 
«  as  the  Angle  EHF,  which  is  the  Double  of  the  Angle  TEH,  and 
"  the  Angle  FEH  Supplement  of  the  Angle  BEH;  one  (hall  have 
«*  the  Length  of  the  Side  EH,  known  in  Parts  of  the  Axis  BC. 

<«  After  the  fame  Manner,  may  be  found  the  Angles  BEI,  BEV, 
<«  tSc.  and  the  Length  of  the  Lines  EI,  EV,  to  determine  the  Dif- 
"  tance,  from  the  Pole  to  the  Zenith,  of  all  the  Degrees  of  the 
**  Circumference  of  the  Earth  5  and  in  the  reftilinear  Triangles  HEI, 
"  lEV,  whofe  Sides  HE,  EI,  EV,  are  known  as  well  as  the  An- 
•*  gles  comprehended  between  the  Sides  HE,  EI,  IE,  EV,  which 
«  are  the  Differences  of  the  Angles  BEH,  BEI,  BEV,  determined 
<*  above  \  one  fliall  find  the  Length  of  the  Chords  HI,  IV,  compre- 
"  hended  between  each  Degree'*. 

Monf.  Cajfini^  in  the  Memoirs  for  the  Year  17 18,  repeats  the  fame 
Demonftration  ;  except  that,  before  it,  he  (hews,  that  if  feveral  Points 
be  taken  upon  a  Terreftrial  Meridian,  on  the  Surface  of  an  Elliptick 
Earth,  as  G,  H,  I,  K,  in  fuch  Manner,  that  their  relbeftive  Zeniths  pj  ^g 
Z,  L,  M,  N,  are  diftant  from  one  anodier,  an  equal  Number  of  De- 
grees meafured  in  a  Celeftial  Meridian  ;  the  Lines  ZG,  LH,  MI, 
N  K  (which  are  perpendicular  to  the  Ellipfe)  beins  produced,  will 
meet  in  the  Points  O,  R,  and  S,  making  equal  Angles ;  but  as  thofe 
angular  Points  are  not  equally  diftant  from  the  Curve  of  the  Ellipfe, 
that  Elliptic  Arc  muft  be  the  longeft  whofe  angular  Point  is  fartheft 
off.  Now,  by  the  former  Demonftration,  it  appears,  that  thofe  Arcs, 
which  are  taken  neareft  to  the  lefler  Axis,  will  have  their  angular  Points 
farther  removed,  tSc. 

If  M.  CqJJini\  Meafures  of  Terreftrial  Degrees,  decreafmg  from 
the  -Equator  towards  the  Pole,  were  grounded  on  Obfervations  liable 
to  no  Error,  he  would  have  fully  proved  his  Figure  of  the  Earth. 
But  iince  thofe  Meafures  (however  accurately  taken)  are  not  built  up- 
on a  mathematical  Certainty,  his  Premifes  may  be  called  in  Queftion» 
and  his  Conclufion,  tho'  mathematically  df  awn  from  thefe  Premifes,  is 
only  probable. 

Now  therefore,  if  I  can  fhew  from  undoubted  Phenomena,  that  his 
Conclufion  will  lead  to  an  Abfurditv,  his  Meafures  muft  be  falfe  \ 
becaufe  lus  Reafoning  from  them  is  juu.  This  I  ftiall  endeavour  to  dq 
firft,  which  will  di^rove  his  Figure  of  the  Earth ;  and  afterwards 
endeavour  to  point  out  fome  of  the  Errors  which  I  fuppofe  to  have 
occafioned  the  Miftake  in  the  Meafures. 

M.  Cajfini^  aswell  as  the  Engli/b  Aftronomers,  believes  that  the  Earth 
makes  one  Revolution  about  its  Axis^  once  in  23  Hours  ^6',  becaufe 
in  that  Time,  the  Plane  of  any  Meridian  returns  to  the  fame  fixed  Scar 
froln  which  it  had  departed.  Let 
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.  Let  H  be  taken  jn  any  Parallel  of  Latitude^,  as  fcn-EicAmplc,  ia  the 
T.^atitude  of  .51^  46;,  a  i^liiinb  Line,  LH,  wjll  be  perpendicular  to 
the  Curve  BH,  at  H,  and  prodiiced "  pafs  tbro'  tRe  Zenith  of  thq 
Point  H,  if  the  Earth  had  no  Diurnal  Rotation  ;  but  fince  the  Earth 
moves  round  its  Axis,  all  Bodies  upon  its  5urface,  endeavour  to  fl/ 
from  the  Axis'  of  their  Motion  with  aporce  proportionable  to.  their 
lYittAucC;  from  it  in  a  biredion  along  tlie  Plane  ^f  that  Parallel,  in 
wliich  they  Vc'  Let  that  Force  (explained  by  M.  FluJgcnSy  and  alli- 
ed a  (pentrifugal  Force)  be  reprefented  by  the  Line  H/^.or  its  Equaj 
and  PaVallel  L  h  \  now  a  Plummet  placed  at  L,  if  the  Earth  ftood 
Hill,  would  defcend  in  the  Line  L  H,  but  asitisat  the  fame  Time  ac- 
ted upon  by  the  Force  H  /  in  the  Direftion  L  A,  it  will  move  in  the  Di- 
redion  L I  Diagonal  of  the  Parallelogram  H  /,  according  to  the  known 
Laws  of  .Mechanicks  -,  and  tlie  Plumb  Line  LH,  inttead  df  being 
perpendicular  to  the  Curve  at  H,  will  in  the  Latitude  51^  46'make 
an  Angle  of  5'  with  HL.  This  Angle  will  be  lefs  towards  the  Poles, 
till  at  the  very  Pole  it  quite  vaniflies,  as  it  alfo  does  at  .the  Equa- 
tor. Now  fince  there  is  no  fuch  Angle  obferved,  but  in  all  Water 
Levels  ..we  find  the  Plumb  Line  always  perpendicular  to  the  Line  of 
Level,  die  Surface  of  the  Earth  muft  be  deprefTed  towards  G,  and 
rife  farther  from  the  Axis  towards  I,  in  order  to  becon^c  perpendicular 
(that  is,  to  have  its  Tangent  perpendicular  j  to' the  Liriel//,  in  which 
we  have  fhewn  that  the  Plumb  Line  muft  defcend. 

If  there  is  any  body  fo  fond  of  M.  CaJJinPs  Hypothefis,  as  to  de- 
ny the  Diurnal  Motion  of  the  fiarth  for  the  Sake  of  it,  I  hope  they 
will  be  convinced,  when  I  fhew  the  Meafures,  upon  which  it  is  found- 
ed, to  be  infufRcient  for  determining  tht  different  Lengths  of  the  De- 
grees of  a  Terreftrial  Meridian. 

But  here  I  would  not  be  thought  to  endeavdur  to  leffen  the  Prlife 
due  to  the  Gentlemen  of  tht  Royal  Academy^  for  carrying  on  a  Me- 
ridian the  whole  Length  of  France^ivom  Dunkerqus  thro'  the  Royal  Ob- 
fervatory  at  Paris^  quite  to  the  Pyrenaan  Mountains  on  the  Borders 
of  Spain.  Aftronomy  and*  Geography  are  ddubtlefs  much  indebted 
to  the  Encouragement  given  by  iht  French  Go^txnracnt^  and  to  the 
Care  of  their  Mathematicians,  who  haVe  omitted  no  proper  Method 
for  drawing  their  Meridian^  and  correftingJt  as  they  went  on.  So  ma- 
ny Obfervations  of  the  rifing  and  fettingSun,  fo  many  equal  Altitudes 
of  the  fame  Stars  accurately  taken',  fo  many  Digreffions  of  Stars,  fo 
many  other  Obfervations  made  with  the  Telefcope  and  goodPendulum- 
Qocks — all  compared  together,  for  the'true  fettling  of  thedired  Way 
of  this  famous  Meridian,  leave  no  Doubt  but  that  it  is  as  perfeA  as  the 
Nature  of  the  Thing  is  capable  of.  And,  certainly,  by  the  Help  of 
this  Line,  and  the  ftveral  Triangles  made  ufe  of  for  carrying  it  on,  a 
better  Map  of  France  is  made,  than  has  ever  been  of  any  Country  be- 
fore: Nay,  bcfides,  I  believe  we  may,  at  a  Medium,  very  well  re- 
ceive their  Number  of  57060,  or  57061  Toifes,  for  the  Meafurc  of 

a  Degree 
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a  Degree  of  a  Meridian  of  the  Earth,  one  with  another.  But  to  fay, 
that  thofc  Gentlemen  could  obfcrvc  the  Latitude  fo  nicely,  as  to  find  a 
Difference  in  the  Length  of  the  Terreftrial  Degrees,  and  that  only  ot 
eleven  or  twelve  Toifes  ("when  they  made  it  the  leall)  or  of  thirty  one 
Toifcs  fwhen  they  made  it  themoft^  is  attributing  to  them  an  Exaft- 
nefs,  fo  far  beyond  the  Nature  of  the  Inftruments  which  they  made  ufe 
of,  that  it  would  be  rather  a  Difpraife  than  a  Commendation  to  infift 
upon  it. 

For  in  the  firft  Place,  the  Inftrument,  with  which  they  took  Obfer- 
vations  for  the  Latitude  at  the  two  Ends  of  their  Meridian,  was  a  ten 
Foot  Seftor  Cwhich  was  worfe  than  that  which  M.  Picard  had  made 
Ufe  of  before,  becaufe  the  Telefcope  of  his  Seftor  was  of  ten  Foot, 
whereas  M-  CaffinV^  was  but  .of  three  Foot,  tho*  applied  to  the  ten 
Foot  Sedtor)  where  the  two  hundredth  Part  of  an  Inch  anfwers  to  eight 
Seconds  of  a  D^ree :  Now  the  two  hundredth  Part  of  an  Inch,  being 
one  of  the  leaft  vifiblc  Parts  that  we  can  fee  in  a  divided  Line  ;  they 
could  not  take  an  Angle  nearer  than  that;  nay,  their  Inftrument,  ac- 
cording  to  their  own  Defcription  of  it,  was  divided  but  to  every  twen- 
ty Seconds.  Now  they  allow,  that  fixteen  Toifes,  upon  the  Surface 
of  the  Earth,  anfwer  to  one  Second  in  the  Heavens  5  and  they  don't 
pretend  to  have  taken  an  Obfervation  nearer  than  to  about  three 
Seconds,  which  therefore  cannot  determine  a  Difference  lefs  than  forty 
eight  Toifes ;  whereas  the  Degrees  are  only  fuppofed  to  decreafe  at 
mod:,  thirty  one  Toifes  each,  from  Collioure  to  Dunkerque-  But  an 
Error  of  eight  Seconds  would  make  a  Difference  of  one  hundred  and 
twenty  eight  Toifes,  on  the  Surface  of  the  Earth ;  above  ten  times 
greater  than  the  Difference  of  Degrees  in  the  firft  Suppofition,  and  four 
Times  greater  than  that  Difference  in  the  laft.  Belides,  the  Latitude 
was  not  obferved  in  the  intermediate  Places  between  Paris  and  Colli- 
eure^  with  the  abovementioned  Inftrument  of  ten  Foot  Radius ;  but 
they  made  ufe  of  a  Quadrant,  whofe  Radius  was  only  thirty  nine  In- 
ches, and  fometimes  an  Odant  of  three  Foot  Radius.  Nay,  they 
fay  themfelves,  in  their  Account,  that  it  is  nottheObfervations  made 
at  the  Ends  of  the  Meridian,  that  we  are  to  deduce  the  Difference  of 
the  Length  of  a  Degree  from,  but  the  Altitudes  taken  at  feveral  Pla- 
ces between  the  Extreams ;  and,  if  we  grant,  that  they  can  take  an 
Angle  very  well,  to  four  or  five  Seconds,  with  the  great  Inftrument, 
they  cannot  come  nearer  than  twelve  or  fifteen  Seconds,  with  the 
Quadrant  or  Oftant,  which  we  muft  depend  upon  for  the  Difference 
of  the  Meafure  of  Degrees :  So  that  upon  the  whole,  we  are  to  de- 
termine a  Length  of  thirty  one  Toifes,  by  an  Inftrument  which  is  lia- 
ble to  err  above  two  hundred. 

If  any  Confcquences  of  this  Kind  could  be  drawn  from  a6tual,mea- 

furing,  a  Degree  of  Latitude  ftiould  be  meafured  at  the  ^Equator, 

and  a  Degree  of  Longitude  likewife  meafured  there ;  and  a  Degree 

very  northerly,  as  for  Example,  a  whole  Degree  might  be  aftually 

Vol.  VI.  B  b  b  meafured 
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meafurcd  upon  the  Bdiick  Sea,  when  frozen,  in  the  Liadtade  t)f  fixty 
Degrees. — There,  according  to  M.  Cajini^s  laft  Suppofition,  a  Degree 
would  be  of  56653  Toifes,  whereas^  at  the  Equator,  icvrouldbeof 
^8019  Toifes,  the  DiSerence  being  1364  Toifes,  about  the  two  and 
fortieth  Part  of  a  Degree,  which  muft  befenfible;  and  likewife  the 
Degree  of  Longitude  would,  according  to  him,  be  of  56817  Toifes^ 
Jefs  by  1202,  or  the  forty  eighth  Part,  than  a  Degree  of  Latitude  ^t 
the  fame  Place. 

But  here  it  may  be  obje^ed,  that  thb*  the  Latitude  was  not  taken 
with  die  ten  Foot  Scftor,  in  the  intermediate  Places  between  Paris  atid 
Collioure^  yet  the  Latitude  was  taken  with  that  Inftrument  ac  D««- 
kerque^  PariSy  and  Collioure^  and  therefore  thefoudiern  Part  of  the  Me- 
ridian, containing  6^  18'  56*^  may  be  compared  with  the  northern 
Part  of  it,  which  contain?  2^  12'  16^ ;  and  that  the  former  appears 
to  contain  more  Toifes,  in  Proportion  to  the  Difference  of  Latitude 
at  its  Extremities,  than  the  latter.  To  this  may  be  anfwered,  that, 
even  in  this  Cafe,  the  Obfervations  made  cannot  be  nice  enough  tode^ 
term  me  the  Difference  of  the  Length  of  Degrees  ;  but  there  is  another 
Error,  which  might  confiderably  miflead  the  Frendtp  Gentlemen^  and 
make  the  Degrees  appear  longer  in  the  South  of  FrM^e^  diat  is,  the 
Error  in  taking  th^  true  Height  of  fe^ral  Mountains  in  Auvergnt^ 
Languedoc^  and  among  the  Pyntneans.  For  if  they  have  allowed  too 
much  for  the  Air's  Refraftion  (which,  by  the  Obfervations  of  Tra- 
vellers, is  greater  towards  the  northern  Regions,  and  dimini(hesas  we 
go  Southward)  the  Heights  of  thofe  Mountains  will  be  taken  too  lit- 
tie,  and  their  Bafes  confequcntly  longer,  which  will  make  the  Degreea 
appear  bigger  than  they  are.  Let  ABCD,  for  Example,  be  a  Moan* 
Fig.  184.  ^^'"»  ^  ^^^  Mountain  of  Rodex^  in  the  Latitude  ol  44^  i\\  whofe 
Height  BD  is  300  Toifes,  and  whofe  Sides  AB  and  BC  (fuppofcd 
to  make  an  Angle  of  26^  33',  with  the  HorizonJ  are  found  by  Tri* 
gonometry,  to  be  of  670,8  Toifes  each ;  if  by  a  Miftake,  in  tak* 
ing  the  Height,  it  be  fuppofcd  only  equal  to  ED,  or  257  Toiies,  then 
the  Lines  AB  and  BC  will  become  £F  and  EG-;  fo  chat  the  Bafe  AC, 
which  before  was  of  1200  Toifes,  will  become  equal  to  FG^  which 
will  appear  to  be  1279,6  Toifes,  by  Eucl.  47.  i.  Now  one  fuch  Mif-i 
take,  in  one  Degree,  will  give  a  Difference  above,  twice  as  great  as  the 
fuppofcd  Difference  of  Degrees  in  that  Latitude,  which  they  make  of 
3 1  Toifes.  And  that  there  was  a  Miftake  of  this  Kind  in  taking  the 
Height  of  that  Mountain,  I  fliall  fhcw. 

-The  Vapours,  that  generally  float  in  the  Air  about  the  Tops  of 
high  Hills,  make  it  fo  difficult  to  take  their  Height  exaftly,  that  Ex- 
periments, made  with  the  Barometer,  will,  by  obfcrving  the  Fall  of 
die  Mercury,  (hew  the  Height  nearer  than  any  Thing  elfcwi  know  cX. 
There  were,  indeed,  feveral  Experiments  made  with  the  Barometer*, 
where  the  Differences  of  the  Height  of  the  Mercury,  from  the  Heights 
at  which  it  flood  at  the  Royal  Obfervatory,  are  laid  to  anfwer  to  fo 
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ttiany  Toifcs  J  but  of  nine  Obfervations  mentioned  by  M.  Cajfim^ 
Ibcre  tre  not  mo  where  the  Nunabcr  of  Toifes,  faid  to  correfpond  to 
tiie  Heights  of  the  Barometer,  do  agree  together. 
-'  The  firft  Experiment  of  the  Barometer  there  mentioned,  made  at 
Cdfofff^  waa  this;  ^  At  th^  Height ,  of  ii^  Toifes  above  the  Sea, 

*  the  Bairooieter  was  fct  upi  and  the  Mercury  ftood  3  j  Lines  higher 
^  thian  at  the  Roy^I  Obfervatpry  (in  the  Tower  of  the  eaftern  Hall) 

*  at  the  fame  Time  \  and  therefore,  fince  that  Tower  is  44  Toifes 

*  higher  than  the  Sea,  3  \  Lines  of  Mercury  muft  anfwer  to  32  J 
^  Toifes. 

Now,  redttcifig  thcfe  Toifes  to  Feet,  and  dividing  by  3  j  it  will  ap- 
pear that  a  Height  of  58,5  Feet  will  anfwer  to  the  Pall  of  one  Line  of 
Mercury  \%  the  Barometen  Let  this  be  taken  as  the  Standard,  and  the 
other  Obfervations  be  compared  with  ic.  This  may  be  done  by  the 
fallowing  Table,  where  the  firft  Column  (hews  the  Pkce  where  thcf 
Obfervation  was  made ;  the  feeond^  the  Fall  or  Rife  of  Mercury  ai " 
each  Pteice  exprefs!ci^  Lines,  u*  I2iih  Parts  of  a  Friikh  Inch ;  the 
^ird,  the  Heights  oiffl^fegths^  ainfwering  to  thofe  Lines  of  Mercury jj 
which,  in  the  Nfembirs;  «re -g^iven' in  Toifes,  bi^t-h^te  reduced  \t6 
Feet  J  the  fourth,  the  NitoWof  Feftt^fW^ring'tqdrtefLm^^ 
cury  in  each  Obfervation,  whteh  is  the  C^otfent  bf  the  F8et  iii  Hiti 
third  Column,  divided  by  the  Number  ofLiiies'iA  the  Second. 


Ohfervations  of  the  Saro- 
meter  made  HP '\  K^ 

L  CoUioure 

IL  The  ^zverofMzff^ne, 

III.  Bugarac 

IV.  Rupeyrou* 

V.  Rodez 

VI.  Rodez 
Vll.Courlande 

VIII.  Cofte 

IX.  Clermont 


-*,-  .' 


Lines  of 

Said  to  cor' y 

Mmvf^ 

.'tieffoncf  - 

j  L.M.Vv) 

•WitbFtet. 

osH'^' 

'  'P 

31 

2382 

42 

363^ 

30 

2181 

24 

■     1647 

20 

1425 

I     54 

4812 

54 

489P 

03       1 

.  200 

Tbe-FntNf  one  Lin^ 
,of'  .Mercury   w/i- 
fvS^PtoFeet. 

76,8 
86,5 

72,7 
68,6 

7i»25 

891 1 
92,4 

66,6 


A  Sight  of  this  Table  wiM  convince  any  one,  that  thefe  Obfervati- 
ons are  not  to  be  depended  upon  for  determining  the  Height  of  the- 
Mountains  in  the  South,  of  France ;  for  the  Differences  are  not  fmall, 
fuch  as  might  happen  in  nlaking  the  Experiments  ;  but  fuch  as  ren- 
der the  Obfervations  ufelefs  for  the  Purpofes  abovementioned.  For 
Example,  the  firfl  and  the  feventh  differ  almoft  | :  And  if  58,5  Feet 
tvere  allowed  for  the  Fall  of  one  Line  of  Mercury  in  the  feventh  Ob- 
fervation, inflead  of  944  Feet,  then  the  Mountain  of  Cofie  would  be 
but  3085  Feet,  inftead  of  48^0.  Nay,  upon  examining  the  Memoirs, 
I  find  that  in  feveral  Obfervations  the  Number  of  Toifes,  laid  to  cor- 
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refpond  to  a  certain  Height  of  Mercury,  arc  only  anfwerable  to  the 
Height  of  the  Mountain  above  the  Level  of  the  Sea  found  by  Trigo- 
nometry, from  which  the  Height  of  the  Royal  Obfervatory,  above 
the  Sea,  is  fubftraded  ;  though,  by  the  Manner  of  the  ExpreflSon,  a 
curfory  Reader  would  imagine,  that  the  Number  of  Toifes  named, 
was  always  proportionable  to  the  Fall  of  the  Mercury,  and  think  all 
the  Experiments  and  Obfervations  very  accurately  made,  when  they 
feem  to  agree  fo  well  in  every  Refpcft. 

Now  after  all,  I  do  not  qCrcftion  but  that  the  Height  of  the  Baro- 
meter, might  be  as  it  is  fet  down  in  the  Memoirs,  and  well  enought 
obferved  j  but  it  was  wrong  to  compare  the  Height  of  the  Mercury 
in  the  South  of  France^  with  the  Height  that  the  Mercury  was  at  in 
the  Barometer  of  the  Royal  Obfervatory  at  the  fame  Time ;  for,  at 
that  great  Diftance  and  Difference  of  Latitude,  the  Weather  (and 
confequently  the  Preffure  of  the  Air  and  Height  of  the  Barometer  at 
the  fame  Level)  might  very  much  vary* 

Even  when  there  is  fair  Weather  all  over  France^  it-does  not  follow 
that  the  Barometer  fliall  ftand  at  the  fame  Height.  Let  us  fuppofe, 
for  Example,  that  a  North  Wind  blows :  Where-ever  the  Air  is  check* 
cd  by  a  Chain  of  Mountains  that  run  Eaft  and  Weft,  it  will  be  Accu- 
mulated over  thofe  Mountains,  and  confequently  prcfsmore  aa  its  Co- 
lumns are  higher ;  which  will  make  the  Mercury  rife  higher  than  it 
would  do  with  the  fame  Wind,  if  there  were  no  Mountains,  or  if  tljjcy 
ran  North  and  South. 

The  Way,  to  have  made  the  Experiments  with  the  Barometer  ex- 
aftly,  would  have  been  to  hayc  obferved  the  Height  of  the  Mercury 
at  the  Bottom  and  at  the  Top  of  the  Mountain,  and  that  with  a  Tube 
of  a  pretty  large  Bore  ("with  a  proportionably  large  Cittern  for  the 
ftagnant  McrcuryJ  becaufe,  in  a  fmall  Tube,  the  Mercury  will  of- 
ten ftick  to  the  Sides,  and  rife  irregularly,  as  it  will  alfo  in  inclined 
Barometers.  Simple  Barometers  are  the  beft,  and  a  magnifying  Glafs 
may  be  made  ufe  of  to  pbferve  fmall  Rifes  or  Falls,  having  two  fine 
and  well  made  Indices  to  the  Tube. 

Dr.  Halle'jj  has  given  us  *  the  Falls  of  Mercur-j  in  the  Barometer, 
^correfponding  with  the  Heights  to  which  the  Barometer  muft  be  carri- 
ed to  produce  thofe  Falls.  The  firft  tenth  Part  of  an  Inch  in  the  Fall  • 
of  the  Mercury,  he  makes  to  anfwer  to  a  Height  of  90  Feet ;  the 
next  tenth,  to  a  Height  fomething  greater,  and  fo  in  Proportion, 
as  the  Airdiminiflies  in  Denfity,  according  ^s  we  rife  in  Height.  The 
Proportion  of  the  firft  Tenth  of  the  Mercury's  Fall,  he  has  built  up- 
on the  Comparifon  of  the  different  Specifick  Gravities  of  Air  and 
Mercury  ;  and  taking  Mercury  to  be  13  ^  Times  heavier  than  Wa- 
ter, and  Water  fin  cold  Weather)  to  be  800  Times  heavier  than 
Air  ;  it  follows,  that  13,  5x800,  will  give  10800  ;  which  Number, 
if  it  be  taken  in  Feet,  and  divided  by  120  (the  Number  of  the  loth 
*  Sec  LowthorpV  Abridgment,  Vol.  II.  Chap.  II.  Scft.  VIII. 
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of  an  Inch  in  a  Foot)  we  (hall  have  90  Feet  anfwerable  to  the  loth 
Part  of  an  Inch,  and  j^  Feet  to  a  Line  or  the  12th  Part  of  an  Inch. 

Now,  as  very  few  Mountains  in  the  World  are  3  Miles  high,  and, 
generally  fpeaking,  thofe  that  we  look  upon  as  high  Hills  (except 
the  Andes^  and  fome'  others  in  America)  are  not  muc?h  above  a  Mile 
high  ;  we  may,  for  finding  the  Height  of  Mountains,  take  a  fixed 
Number  of  Feet  in  Altitude  to  anfwer  to  every  loch  or  12th  of  an 
Inch  in  the  Fall  of  the  Mercury  •,  becaufe  90  Feet  are  by  Dr.  Halk'j 
only  taken  for  the  firft  Tenth,  and  greater  Heights  for  other  Tenths, 
cncreafing  with  the  Fall  of  the  Mercury.  Therefore  I  would  propofc 
another  for  a  round  Number,  namely  96  Feet  for  every  Tench,  and 
80  Feet  for  every  12th  of  an  Inch,  very  near  the  Number  that  I  have 
found  by  my  Calculation,  which  is  as  follows. 

Fine  Mercury  (fuch  as  is  made  ufe  of  in  Barometers)  is,  generally 
fpeaking,  1 3  j  Times  heavier  than  Water ,  and,  I  found  fome  brought 
from  the  Eaft-IndieSj  to  be  14  Times  heavier.  I  have  found  Air  in 
Summer,  to  be  near  900  Times  lighter  than  Water ;  and  800  Times 
in  Winter  ;  therefore  I  take  850  at  a  Medium.  Now  S50  x  13  |  = 
11606,6,  which,  divided  by  120,  gives  96,7  Feet,  for  f  ^,  of  an  Inch 
of  I^rcury,  or  80.5  Feet  for  f ,  of  an  Inch.  This  Number,  taken 
inva/iable,  will,  in  taking  the  Height  of  feveral  Hills,  agree  pretty 
wel/with  the  Numbers  that  come  out,  when  Dr.  Hallefs  Table  is  made 
ufe  of;  and  with  the  Experiment  made  by  the  late  Profeflbr,  Mr.  J. 
Cafwell,  who,  having  taken  the  Height  of  Snowdon  Hill  in  Cacrnar- 
vonjhire  very  accurately,  and  finding  it  to  be  3720  Feet  above  the  Le- 
vel of  the  Sea,  tried  how  much  lower  the  Mercury  would  fland  in 
the  Barometer  upon  that  Hill,  than  at  the  Level  of  the  Sea,  and  ob- 
Ibrved  it  to  fubfide  3,9  Inches.  I  am  fenfible  that  it  will  bealledged, 
that  the  Air  will  be  denfer  than  I  may  imagine  on  the  Top  of  high 
Hills,  becaufe  of  the  great  Cold,  fince  they  are  generally  covered 
with  Snow,  but  then  we  are  to  confider,  that  when  we  are  got.a- 
bove  a  Mile  higher  than  the  Level  of  the  Sea,  the  incumbent  A tmo- 
fphere  has  loft  almoft  a  fifth  Part  of  its  Weight  •,  and  therefore  the 
Air  at  the  Top  of  the  Hill,  being  fo  much  lefs  prefs'd,  will,  notwith* 
flanding  the  intenfe  Cold,  be  more  rarified  than  at  the  Bottom  of  the 
Hill. 

Now  if  we  go  back  to  the  Obfervations  of  the  Barometer,  made  by 
the  Gentlemen  that  drew  the  Meridian  in  France^  we  Ihall  find,  that 
on  the  Mountain  of  Rodezy  in  the  Latitude  of  44^,  21' the  Baro- 
meter fell  24  Lines  below  the  Level  of  that  in  the  Obfervatory,  and 
they  allowed  only  274 1  Toifes  to  correfpond  to  that  Fall ;  whereas, 
according  to  Dr.  Halley^s  Proportion  of  a  Tenth  of  an  Inch  for  96 
Feet,  they  fliould  have  taken  300  Toifes ;  and  tho*  the  Hypotemjis 
AB,  and  BC,  were  taken  longer  than  the  bare  Declivity  of  the  Moun- 
tain (which  would  make  the  Error  lefs  than  the  79  Toifes  I  mentioned 
above^  yet  if  my  Proportion  be  made  ufe  of,  viz.  of  80  Feet  for 
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meafurcd  upon  the  BaUukS&i^  wlicn  frozen^  in  the.  Uatitade  of  fixtf 
Degrees. — There,  according  to  M.  Ctiffini^B  laft  Suppofition,  a  Degree 
would  be  of  56653  Toifes,  whereas,  at  the -Equator,  ic  would  be  of 
^8019  Toifts,  the  DiSerence  being  1364  Toifes,  about  the  two  and 
fortieth  X^art  of  a  Degree,  which  muft  befenfiblc^  and  likewife  the 
Degree  of  Longitude  would,  according  t»him,  beef  56817  Toifcs^ 
Jefs  by  1202,  or  the  forty  eighth  Part,  than  a  Degree  of  Latitude  ^ 
the  fame  Place. 

But  here  it  may  be  objeAed,  that  tho*  the  Latitude  .was  not  taken 
with  the  ten  Foot  Scftor,  in  the  intermediate  Places  between  Paris  and 
Collioure^  yet  the  Latitude  was  taken  with  that  Inftrument  ac  Dun- 
kerque^  Paris y  and  Collioure^  and  therefore  thefouthern  Part  of  the  Me- 
ridian, containing  6^  18'  56^  may  be  compared  with  the  northern 
Part  of  it,  which  contain^  2^  12'  16^  \  and  that  the  former  appears 
to  contain  more  Toifes,  in  Proportion  to  the  Diflfcrcnce  of  Latitude 
at  its  Extremities,  than  the  latter.     To  this  may  be  anfwered,  that^ 
even  in  thi$  Cafe,  the  Obfervations  made  cannot  be  nice  enough  to  de* 
tcrmine  the  Difference  of  the  Length  of  Degrees  ;  but  dierc  is  another 
Error,  which  might  cbnfiderably  miflead  tlie  French  Gentlemen,  and 
make  the  Etegrees  appear  longer  in  the  Sooth  of  France ^  that  is,,  the 
Error  in  taking  th^  true  Height  of  fe^ral  Mountains  in  Auvergnt^ 
Languedocj  and  among  the  Pyrjgneans.    For  if  they  have  allowed  too 
much  for  the  Air's  Refraftion  (which,  by  the  Obfervations  of  Tra-. 
vellers,  is  greater  towards  the  northern  Regions^  and  diminiihes as  we 
go  Southward)  the  Heights  of  thofe  Mountains  will  be  taken  too  lit- 
tle, and  their  Bafes  confequently  longer,  which  will  make  the  E>egxeet 
appear  bigger  than  they  are.     Let  ABCD,  for  Example,  be  a  Moun* 
Fig.  184.       tain,  as  the  Mountain  of  Rodex^  in  the  Latitude  ol  44^  21',  whofe 
Height  BD  is  300  Toifes,  and  whofc  Sides  AB  and  BC  (fuppofed 
CO  make  an  Angle  of  26^  33',  with  the  Horizon^  are  found  by  Tri* 
gonometry,  to  be  of  670,8  Toifes  each  5  if  by  a  Miftake,  in  tak- 
ing the  Height,  it  be  fuppofed  only  equal  to  ED,  or  257  Toiies,  then 
the  Lines  AB  and  BC  will  become  £F  and  EG-;  fo  that  the  Bafe  AC, 
which  before  was  of  1200  Toifes,  will  becx>me  equal  to  FG,  which 
will  appear  to  be  1279,6  Toifes,  by  EucL  47.  i.  Now  one  fuch  Mif^ 
take,  in  one  Degree,  will  give  a  Difference  above  twice  as  great  as  the 
fuppofed  Difference  of  Degrees  in  that  Latitude,  which  tl^y  make  of 
3 1  Toifes.    And  that  there  was  a  Miftake  of  this  Kind  in  taking  the 
Height  of  that  Mountain,  I  fliall  (hew. 

The  Vapours,  that  generally  float  in  the  Air  about  the  Tops  of 
high  Hills,  make  it  fo  difficult  to  take  their  Height  exadlly,  that  Ex- 
periments, made  with  the  Barometer,  will,  by  obferving  the  Fall  ol* 
die  Mercury,  (hew  the  Height  nearer  than  any  Thing  elfe  we  know  of. 
There  were,  indeed,  fevfralExpcriments  made  with  the  Barometer*, 
where  the  Differences  of  the  Height  of  the  Mercury,  from  the  Heights 
at  which  it  flood  at  tloc  Royal  Obfcrvatory,  are  laid  to  anfwer  to  lb 

many 
•  Mem,  of  thi  Royal  Academy,  firiyiZt  Chap.  10. 
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rcfpond  to  a  certain  Height  of  Mercury,  arc  only  anfwerable  to  the 
Height  of  the  Mountain  above  the  Level  of  the  Sea  found  by  Trigo- 
nometry, from  which  the  Height  of  the  Royal  Obfervatory,  above 
the  Sea,  is  fubftraded  ;  though,  by  the  Manner  of  the  ExpreflSon,  a 
curfory  Reader  would  imagine,  that  the  Number  of  Toifes  named, 
was  always  proportionable  to  the  Fall  of  the  Mercury,  and  think  all 
the  Experiments  and  Obfervations  very  accurately  made,  when  they 
feem  to  agree  fo  well  in  every  Refped. 

Now  after  all,  I  do  not  queftion  but  that  the  Height  of  the  Baro- 
meter, might  be  as  it  is  fee  down  in  the  Memoirs,  and  well  enough 
obferved  -,  but  it  was  wrong  to  compare  the  Height  of  the  Mercury 
in  the  South  of  France^  with  the  Height  that  the  Mercury  was  at  in 
the  Barometer  of  the  Royal  Obfervatory  at  the  fame  Time ;  for,  ac 
that  great  Diftance  and  Difference  of  Latitude,  the  Weather  (and 
confequently  the  Preffure  of  the  Air  and  Height  of  the  Barometer  at 
the  fame  Level)  might  very  much  vary. 

Even  when  there  is  fair  Weather  all  over  Franccj  it-does  not  follow 
that  the  Barometer  fhall  ftand  at  the  fame  Height.  Let  us  fuppofe, 
for  Example,  that  a  North  Wind  blows :  Where-ever  the  Air  is  check- 
cd  by  a  Chain  of  Mountains  that  run  Eaft  and  Weft,  it  will  be  accu* 
mulated  over  thofe  Mountains,  and  confequently  prefs  more  g&its  Co- 
lumns are  higher  j  which  will  make  the  Mercury  rife  higher  than  it 
would  do  with  the  fame  Wind,  if  there  were  no  Mountains,  or  if  tl^cy 
ran  North  and  South. 

The  Way,  to  have  made  the  Experiments  with  the  Barometer  ex- 
aftly,  would  have  been  to  have  obferved  the  Height  of  the  Mercury 
at  the  Bottom  and  at  the  Top  of  the  Mountain,  and  that  with  a  Tube 
of  a  pretty  large  Bore  fwith  a  proportionably  large  Cittern  for  the 
ftagnant  MercuryJ  becaufe,  in  a  fmall  Tube,  the  Mercury  will  of- 
ten ftick  to  the  Sides,  and  rife  irregularly,  as  it  will  alio  in  inclined 
Barometers.  Simple  Barometers  are  the  beft,  and  a  magnifying  Glafs 
may  be  made  ufe  of  to  pbferve  fmall  Rifes  or  Falls,  having  two  fine 
and  well  made  Indices  to  the  Tube, 

Dr.  Halleyj  has  given  us  *  the  Falls  of  Mercury  in  the  Barometer, 
^correfponding  with  the  Heights  to  which  the  Barometer  muft  be  carri- 
ed to  produce  thofe  Falls.  The  firft  tenth  Part  of  an  Inch  in  the  Fall  » 
of  the  Mercury,  he  makes  to  anfwer  to  a  Height  of  90  Feet ;  the 
next  tenth,  to  a  Height  fomething  greater,  and  fo  in  Proportion, 
as  the  Airdiminiflies  in  Denfity,  according  ^s  we  rife  in  Height.  The 
Proportion  of  the  firft  Tenth  of  the  Mercury's  Fall,  he  has  built  up- 
on the  Comparifon  of  the  different  Specifick  Gravities  of  Air  and 
M^cury  ;  and  taking  Mercury  to  be  13  ^  Times  heavier  than  Wa- 
ter, and  Water  fin  cold  Weather)  to  be  800  Times  heavier  thaa 
Air  ;  it  follows,  that  13,  5x800,  will  give  10800  ;  which  Number, 
if  it  be  taken  in  Feet,  and  divided  by  120  (the  Number  of  the  loth 
•  See  Lowthorp';  Ahidgmcnt,  Vol.  Ih  Chap,  II.  Scft.  VIII. 
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C    H    A    P.      VI. 

Geography^  Navigation. 

t  I.  rrh  H  A  T  the  Earth  is  of  a  fpherical  Figure,  or  nearly  fuch,  A  DiffertatUn 
\     has  been  proved  fo  often,  and  by  fo  many  unanfwerable  concerning  tht 
Arguments,  that  to  repeat  them  here  would  be  tedious.     But,  as  a  lit-  ^'^^^^  ^  ^^^ 
tleVariatiOTifcoma  true  Sphere  (befides  the  Irregularity  of  high  Hills  j^^^  j.t\Dc- 
and  deep  Vallies)  does  not  hinder  us  from  calling  the  Earth  a  Globe  -,  faguiiers, 
fo,  to  determine  what  that  Variation  may  be,  fince  modern  Philofophers  ^^-  ^  ^-  ^-  ^- 
are  divided  about  it,  may  be  a  Subjeft  not  ungrateful  at  this  Time.      ^  3*6.  p.  201. 

Monfieur  CaJJini  fays :  **  That  the  Earth  is  an  oblong  Spheroid, 
"  higher  at  the  Poles  than  the  .Equator,  making  the  Axis  longer  than 
'«  a  Diameter  of  the  -Equator  about  thirteen  French  Leagues,  which 
"he  deduces  from  comparing  his  Father's  Meafures  of  the  Meridian, 
**  from  Pariy  to  the  Pyrenaran  Mountains,  With  thole  of  Monf.  Pi- 
".  card ;  of  which  an  Account  may  be  fcen  in  the  Memoirs  of  the 
*'  Royal  Academy  for  17 13.  But  having  afterwards  continued  the 
**  Meridian,  which  is  drawn  through  France^  from  Paris  to  Dunkerque^ 
*<  he  (till  draws  Confequences  to  prove  the  Earth  an  oblong  Sphe- 
"  roid^  but  then  makes  the  Axis  exceed  the  ^Equatorial' Diameter 
»*  34  Leagued. 

'*  Sir  Ifaac  Newton  makes  the  Earth  higher  at  the  JEquator,  and, 
**  confcquentJy,  flatted  towards  the  Polds,  reckonmg  its  -ffiquajorial 
'*  Dianleter  34  Englijb  Miles  longer  than  the  Axis  5  which  he  proves 
**  from'  the  Prmciples  of  Gravity,  and  the  Centrifugal  Force  that  a- 
^*  rifcs  from  the  Diurnal  Rotation  of  the  Earth  ;  and,  to  confirm  this, 
**  mentions^PPal  Experimencs  on  Pendulums,  which  have  been  made 
^^  flioroer,  toroing  Seconds^  near  the -Equator,  than  in  greater  La- 
'*  titudes/* 

Thefe  are  the  two  Opinions  which  have  divided  Philofophers,  and' 
which  we  propofe  to  examine  here. 

M.  Cajftniy,  taking  che/NJeafure^  above-mentioned  to  be  exaft  e- 
Dough,  not  only  to  determine  the. Magnitude  of  a  Degree  of  the 
Earth,  correfponding  with,  a  Degree  of  tlie  great  Circle  of  the  Hea- 
vens, but  alfo  to  fhew  the  Difference  in  the  Degrees  of:  the  Earth ;  (reck- 
oning thofe,  that  were  meafured  in  the  South  of  France^  to  exceed' 
thofe  towards  the  North,  by  a  certain  Number  of  Toifes  and  Feet)' 
demonftrates,  that  if  the  Degrees  of  the  Earth  are  longer  towards  thr 
^Equator  than  the  Poles,  the  Plane  of  the  Meridian  muit  be  an  FJJipfe, 
whofe  long  Axis  is  that  of  the  Earth.  Here  /oll^ws  his  firft  Demon*- 
ftracion.  [See  the  French  Memoirs  for  the  Tear  17 13.]  *'  L.ct 
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Fig.  1 82.  «  Let  BDCR  be  an  EUipfe  that  reprefents  a  Meridian  of  the  Earth, 

"  whofe  Poles  B  and  C  are  at  Ends  of  the  great  Axis  BC,  and  whofc 
"  Foci  E  and  F  are  taken  at  Pleafure.  iww,  to  divide  this  EUipfe 
«  inlo  Degrees^  that  iSy  to  find  fever al  Points  H,  I,  V,  fucb,  that  the 
* «  Dijlancey  from  the  Pole  to  the  Zenith^  of  every  one  of  them,  Jhall  he  of 
'«  an*j  given  Number  of  Degrees. 

**  From  E,  one  of  the  Foci  of  the  EUipfe,  draw  the  Line  ET,  fo 

Dem^nftratton,  ,,  ^^^^  j^  ^^^^  ^j^j^  ^^^  ^^^^  g^^  ^^^^1^^  ^.^g  Angle  BET  equal  to  the 

"  Diftance  given  from  the  Pole  to  the  Zenith,  From  the  other  Focus 
*'  F,  with  the  Diftance  BC  equal  to  the  Axis,  draw  an  Arc,  to  cue 
«  the  Line  ET  at  T.  I  fay,  that  the  Line  FT,  drawn  from  the 
"  Point  T  to  the  Focus  F,  will  cut  the  EUipfe  at  the  Point  H  ;  which 
"  Point  is  fuch,  that  the  Diftance  of  the  Pole,  from  its  Zeniih,  con- 
"  tains  the  given  Number  of  Degrees. 

**  From  the  Point  H,  raife  H  Z,  perpendicular  to  the  EUijrfc, 
**  which  will  pafs  through  the  Zenith  Z  j  and,  being  produced  in- 
"  wards,  wUl  meet  the  Axis  of  the  Earth  at  O,  and  (by  the  Proper- 
"  ty  of  the  EUipfe)  divide  the  Angle  EHF  into  two  equal  Parts. 
"  From  the  Point  H,  draw  likewife  HP,  parallel  to  the  Axis  BC, 
«  and  diredtcd  to  the  Pole  P,  fuppofed  at  an  infinite  Diftance.  The 
*«  Angle  VHZ^  or  POZ,  meafores  the  Diftance,  from  the  Pole  to 
«(  the  Zenith,  of  an  Inhabitant  dwelling  upon  the  Earth  at  the  Point 
•*  H.  FT  is  eoual  to  the  Axis  BC,  by  ConftruAion ;  but,  by  the 
*'  Property  of  the  EUipfe,  BC  is  equal  to  EH  pks  HF  ;  taking  a- 
<'  way  from  both  FH,  which  is  comnx)n,  EH  wUl  remain  equal  to 
"  HT.  The  Angles  ETH,  TEH,  wUl  therefore  be  equal,  and, 
<«  confequently,  each  of  them  will  be  half  of  the  external  Angle 
"  EHF  ;  but  the  Angle  EHO  is  likewife  eoual  to  half  of  the  Angte 
**  EHF  •,  therefore  the  Angles  TEH,  EHO,  will  be  equal  to  one 
«'  another  \  and,  confequently,  the  Lines  E  T  and  H  O  will  be  pa- 
^^  raUel  to  one  another ;  and  the  Angle  POZ,  wludLmeaiures  the 
«^  Diftance  from  the  Pole  to  the  Zenith  of  the  Point  ^viH  be  emal 
<^  DO  the  Angle  BET,  which  was,  by  Conftru£tion,V|ken  equal  ro 
*«  the  given  Diftance  of  the  Pole  from  the  Zenith ;  wbtfrnwas  to  be  de- 
*^  "  rnonft rated. 

**  Now,  if  the  Proportion  of  the  longeft  Diameter  of  the  EUipfe 
«'  BC  to  EF,  the  Diftance  of  the  Foci,  be  taken  at  Pleafure,  one 
««  may  by  Calculation  find  all  the  Points  of  the  EUipfe  as  H,  to  de- 
"  tcrmine  the  Degrees  by  this  Analogy. 
«  yfj  FT  or  BC: 
«  Isto  EF:: 

"  So  is  the  Sine  of  the  Angle  PET  (the  given  Difiancefrom  the  Pole  to 
"  the  Zenith): 

"  To  the  Sine  of  the  An^e  ETF,  or  TEH:  Whofe  Quantity  will 
*«  confequently  be  J^nown.    This  Aiigle  TEH  being  added  to  die 

«*  Angle 
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««  Angle  PET,  the  given  Diftance  from  the  Pole  to  the  Zenith  of  the 
««  Point  H,  will  givfe  the  Quantity  of  the  Angle  BEH,  which  a  Line 
"  drawn  from  the  Focus  to  H,  die  Point  required,  makes  with  the 
«  Axis  of  the  Ellipfe.  ^ 

«  Then  in  the  Triangle  EHF,  whofe  Side  EF  is  known,  as  well 
«  as  the  Angle  EHF,  which  is  the  Double  of  the  Angle  TEH,  and 
«  the  Angle  FEH  Supplement  of  the  Angle  BEH;  one  fhall  have 
««  the  Length  of  the  Side  EH,  known  in  Parts  of  the  Axis  BC. 

*«  Aftei-  the  fame  Manner,  may  be  found  the  Angles  BEI,  BEV, 
"  iSc.  and  the  Length  of  the  Lines  EI,  EV,  to  determine  the  Dif- 
"  tance,  from  the  Pole  to  the  Zenith,  of  all  the  Degrees  of  the 
**  Circumference  of  the  Earth  \  and  in  the  redilinear  Triangles  HEI, 
««  lEV,  whofe  Sides  HE,  EI,  EV,  are  known  as  well  as  the  An- 
•«  gles  comprehended  between  the  Sides  HE,  EI,  IE,  EV,  which 
«<  are  the  Differences  of  the  Angles  BEH,  BEI,  BEV,  determined 
<<  above ;  one  fhall  find  the  Length  of  the  Chords  HI,  IV,  compre- 
«'  hended  between  each  Degree'*. 

Monf.  Cajftnu  in  the  Memoirs  for  the  Year  17 18,  repeats  the  fame 
Demonftration  ;  except  that,  before  it,  he  (hews,  that  if  feveral  Points 
be  taken  upon  a  Terreftrial  Meridian,  on  the  Surface  of  an  EUiptick 
Earth,  as  G,  H,  I,  K,  in  fuch  Manner,  that  their  relbeftive  Zeniths  p|  ,g^ 
Z,  L,  M,  N,  are  diftant  from  one  another,  an  egual  Number  of  De- 
grees meafured  in  a  Ceieftial  Meridian  ;  the  Lines  ZG,  LH,  MI, 
N  K  (which  are  perpendicular  to  the  Ellipfe)  beina  produced,  will 
meet  in  the  Points  O,  R,  and  S,  making  equal  Angles  ;  but  as  thofe 
angular  Points  are  not  equally  diftant  from  the  Curve  of  the  Ellipfe* 
that  Elliptic  Arc  muft  be  the  longeft  whofe  angular  Point  is  far  theft 
off.  Now,  by  the  former  Demonftration,  it  appears,  that  thofe  Arcs, 
which  are  taken  neareft  to  the  leflcr  Axis,  will  have  their  angular  Points 
farther  removed,  &?r. 

If  M.  Cq//im*s  Meafures  of  Terreftrial  Degrees,  decreafing  from 
the  -Equator  towards  the  Pole,  were  grounded  on  Obfervatioiis  liable 
to  no  Error,  he  would  have  fully  proved  his  Figure  of  the  Earth. 
But  iince  thofe  Meafures  (however  accurately  taken)  are  not  built  up- 
on a  mathematical  Certainty,  his  Premifes  may  be  called  in  Queftion, 
and  his  Conclufion,  tho'  mathematically  drawn  from  thefe  Premifes,  is 
only  probable. 

Now  therefore,  if  I  can  fhew  from  undoubted  Pb^nomeaa,  that  his 
Conclufion  will  lead  to  an  Abfurditv,  his  Meafures  muft  be  falfe  \ 
becaufe  his  Reafoning  from  them  is  ]\xft.  ^his  I  (hall  endeavour  to  do. 
firft,  which  will  difprove  his  Figure  of  the  Earth ;  and  afterwards 
endeavour  to  point  out  fome  of  the  Errors  which  I  fuppofe  to  iiavc 
occafioned  the  Miftake  in  the  Meafures. 

M.  Cajfini^  aswell  as  the  EngLi/b  Aftronomers,  believes  that  the  Earth 
makes  one  Revolution  about  its  Axis>  once  in  23  Hours  ^6',  becaufe 
in  that  Time,  the  Plane  of  any  Meridian  returns  to  the  fame  fixed  Scar 
trota  which  it  had  departed.  Let 
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Let  11  be  taken  jn  any  Parallel  of  Latitude^,  as  forEjcAmplc,  ia  the 
Latitude  of  ,/5i^  46%  a  i*lu!nb  Line,  LH,  will  be  perpendicular  to 
the  Curve  BH,  at  H,  and  produced  .pafs  tbro^  the  Zenith  of  th^ 
Point  H,  if  the  Earth  had  no  Diurnal  Rotation  •,  but  fince  the  Earth 
niovcs  round  its  Axis,  all  Bodies  upon  its  Surface,  endeavour  to  fly 
from  the  Axis'  of  their^  Motion  with  a  Force  proportionable  to.  their 
3')*iftAncc  fi'oni  it  in  a  bireftion  along  tlie  Plane  ^f  that  Parallel,  in 
which  they  V^.'  Let  that  Force  (explained  by  M.  Husgcns^  and  call- 
ed a  Centrifugal  Force)  be  reprefented  by  the  Line  H /^  or  its  Equal 
and  I^afallel  L  h  ;  now  a  Plummet  placed  at  L,  if  "the  Earth  ftood 
ilill,  would  defcend  in  the  Line  L  H,  but  as  it  is  at  the  fame  Time  ac- 
ted upon  by  the  Force  H  /  in  the  Dire6lion  L  i&,  it  will  move  in  the  Di- 
retSion  L I  Diagonal  of  the  Parallelogram  H  /,  according  to  the  known 
Laws  of  Mechaniclcs ;  and  tlie 'Plumb  Line  LH,  inttead  of  being 
perpendicular  to  the  Curveat  H,  will  in  the  Latitude  51*^  46'make 
an  Angle  of  5'  with  HL.  This  Angle  will  be  lefs  towards  the  Poles, 
till  at  the  very  Pole  it  quite  vaniflies,  as  it  alfo  does  at.  the  Equa- 
tor. Now  fince  there  is  no  fuch  Angle  obferved,  but  in  all  Water 
Levels  ..we  find  the  Plumb  Line  always  perpendicular  to  the  Line  of 
Level,  tlie  Surface  of  the  Earth  muft  be  deprefled  towards  G,  and 
rife  farther  from  the  Axis  towards  I,  in  order  to  becorne  perpendicular 
Cthat  is,  to  have  its  Tangent  perpendicular  j.  to' the  Liriel^/,  in  which 
we  have  fhewn  that  the  Plumb  Line  miift  defcend. 

If  diere  is  any  body  fo  fond  of  M.  CaJ/iui*s  Hypothefis,  as  to  de- 
ny the  Diurnal  Motion  of  the  fiarth  for  the  Sake  of  it,  I  hope  they 
will  be  convinced,  when  I  fhew  the  Meafures,  upon  which  it  is  found- 
ed, to  be  infufficient  for  determining  th6  different  Lengths  of  the  De- 
grees of  a.  Terreflrial  Meridian. 

But  here  I  would  not  be  thought  to  endeavour  to  leflTen  the  Prslife 
due  to  the  Gentlemen  of  the  Royal  Academy^  for  carrying  on  a  Me- 
ridian the  whole  Length  of  France^from  Dunkerque  thro*  the  Royal  Ob- 
fervatory  at  PariSy  quite  to  the  Pyrenaan  Mountains  on  the  Borders 
ot  Spain.  Aftronomy  and*  Geography  are  doubtlefs  much  indebted 
to  the  Encouragement  given  by  the  French  Governrtient,  and  to  the 
Care  of  their  NOathematicians,  who  haVe  omitted  no  proper  Method 
for  drawing  their  Meridian^^and  correftingit  as  they  went  on.  So  ma- 
ny Obfervations  of  the  rifing  and  fettingSun,  fo  many  equal  Altitudes 
of  the  fame  Stars  accurately  taken*,  fo  many  Digrcflions  of  Stars,  fb 
many  other  Obfervations  made  with  the  Telelcope  and  good  Pendulum- 
Clocks — all  compared  together,  for  the  true  fettling  of  the  dired  Way 
of  this  famous  Meridian,  leave  no  Doubt  but  that  it  is  as  perfed  as  the 
Nature  of  the  Thing  is  capable  of.  And,  certainly,  by  the  Help  of 
this  Line,  and  the  ftveral  Triangles  made  ufe  of  for  carrying  it  on,  a 
better  Map  of  France  is  made,  than  has  ever  been  of  any  Country  be- 
fore: Nay,  bcfides,  I  believe  we  may,  at  a  Medium,  very  well  re- 
ceive their  Number  of  57060,  or  57061  Toifes,  for  the  Meafurc  of 

a  Degree 
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a  Degree  of  a  Meridian  of  the  Earth,  one  with  another.  But  tofay, 
that  thofe  Gendcmen  could  obfcrvc  the  Latitude  fo  nicely,  as  to  find  a 
Difference  in  the  Length  of  the  Terreftrial  Degrees,  and  tliat  only  of 
eleven  or  twelve  Toifes  ("when  they  made  it  the  leall)  or  of  thirty  one 
Toifes  fwhen  they  made  it  themoft^  is  attributing  to  them  an  Exaft- 
nefs,  fo  far  beyond  the  Nature  of  the  Inftruments  which  they  made  ufe 
of,  that  it  would  be  rather  a  Difpraife  than  a  Commendation  to  infift 
upon  it. 

For  in  the  6rft  Place,  the  Inftrument,  with  which  they  took  Obfer- 
vations  for  the  Latitude  at  the  two  Ends  of  their  Meridian,  was  a  ten 
Foot  Seftor  (" which  was  worfe  than  that  which  M.  Picard  had  made 
Ufe  of  before,  becaufe  the  Telefcope  of  his  Seftor  was  of  ten  Foot, 
whereas  M-  Caffinf^  was  but  .of  three  Foot,  tho*  applied  to  the  ten 
Foot  Sedtor)  where  the  two  hundredth  Part  of  an  Inch  anfwers  to  eight 
Seconds  of  a  Degree :  Now  the  two  hundredth  Part  of  an  Inch,  being 
one  of  the  lead  vifible  Parts  that  we  can  fee  in  a  divided  Line  •,  they 
could  not  take  an  Angle  nearer  than  that  5  nay,  their  Inftrument,  ac- 
cording to  their  own  Defcription  of  it,  was  divided  but  to  every  twen- 
ty Seconds.  Now  they  allow,  that  fixteen  Toifes,  upon  the  Surface 
of  the  Earth,  anfwer  to  one  Second  in  the  Heavens  5  and  they  don't 
pretend  to  have  taken  an  Obfervation  nearer  than  to  about  three 
Seconds,  which  therefore  cannot  determine  a  Difference  lefs  than  forty 
eight  Toifes  ;  whereas  the  Degrees  are  only  fuppofed  to  decreafe  at 
mod,  thirty  one  Toifes  each,  from  Collicure  to  Dunkerque-  But  an 
Error  of  eight  Seconds  would  make  a  Difference  of  one  hundred  and 
twenty  eight  Toifes,  on  the  SurBice  of  the  Earth ;  above  ten  times 
greater  than  the  Difference  of  Degrees  in  the  firft  Suppofition,  and  four 
Times  greater  than  that  Difference  in  the  laft.  Beudes,  the  Latitude 
was  not  obferved  in  the  intermediate  Places  between  Paris  and  Colli- 
eurcj  with  the  abovementioned  Inftrument  of  ten  Foot  Radius ;  but 
they  made  ufe  of  a  Quadrant,  whofe  Radius  was  only  thirty  nine  In- 
ches, and  fometimes  an  06tant  of  three  Foot  Radius.  Nay,  they 
fay  thcmfelves,  in  their  Account,  that  itis  nottheObfervations  made 
at  the  Ends  of  the  Meridian,  that  we  are  to  deduce  the  Difference  of 
the  Length  of  a  Degree  from,  but  the  Altitudes  taken  at  feveral  Pla- 
ces between  the  Extreams ;  and,  if  we  grant,  that  they  can  take  an 
Angle  very  well,  to  four  or  five  Seconds,  with  the  great  Inftrument, 
they  cannot  come  nearer  than  twelve  or  fifteen  Seconds,  with  the 
Quadrant  or  Oftant,  which  we  muft  depend  upon  for  the  Difference 
of  the  Meafure  of  Degrees :  So  that  upon  the  whole,  we  are  to  de- 
termine a  Length  of  thirty  one  Toifes,  by  an  Inftrument  which  is  lia- 
ble to  err  above  two  hundred. 

If  any  Confequences  of  this  Kind  could  be  drawn  from  aftual.mea- 

furing,  a  Degree  of  Latitude  ftiould  be  meafured  at  the  ^Equator, 

and  a  Degree  of  Longitude  likewife  meafured  there ;  and  a  Degree 

very  northerly,  as  for  Example,  a  whole  D^ree  might  be  aftually 

Vol.  VI.  B  b  b  meafured 
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meafurcd  upon  the  BaUUkSe2Ly  when  frozen,  in  the. Latimde of  (iattf 
Degrees. — There,  according  to  M.  Caffini^s  laft  Suppofition,  a  Degree 
would  be  of  56653  Toifes,  whereas,  at  the  Equator,  it  would  be  of 
^8019  Toifes,  the  DiSercnce  being  1364  Toifes,  about  the  two  and 
fortieth  Part  of  a  Degree,  which  muft  be  fenfible;  and  likewife  the 
Degree  of  Longitude  would,  according  to  him,  be  of  56817  Toifcs^^ 
Jcfs  by  1202,  or  the  forty  eighth  Part,  than  a  Degree  of  Latitude  ^t 
the  fame  Place. 

But  here  it  may  be  objeAed,  that  thb*  the  Latitude  was  not  taken 
with  the  ten  Foot  Scftor,  in  the  intermediate  Places  between  Paris  znd 
Colliourcy  yet  the  Latitude  was  taken  with  that  Inftrument  ac  Dun- 
kerque^  Paris ^  and  Collioure^  and  therefore  thefouthern  Part  of  the  Me- 
ridian, containing  6^  18'  56^  may  be  compared  with  the  northern 
Part  of  it,  which  contain^  2^  12'  16^ ;  and  that  the  former  appears 
to  contain  more  Toifes,  in  Proportion  to  the  Difference  of  Latitude 
at  its  Extremities,  than  the  latter.  To  this  may  be  anfwered,  thar^ 
even  in  thi$  Cafe,  the  Obfervations  made  cannot  be  nice  enough  to  de« 
termine  the  Difference  of  the  Length  of  Degrees  ;  but  there  is  another 
Error,  which  might  cbnfiderahly  miflead  die  French  Gentlemen^  and 
make  the  Decrees  appear  longer  in  the  South  of  Frawe  i  chat  is,  the 
Error  in  taking  the  true  Height  of  fe^ral  Mountains  in  Auvergne^ 
Languedoc^  and  among  the  Pyreneans.  For  if  they  have  allowed  too 
much  for  the  Air's  Refraftion  (which,  by  the  Obfervations  of  Tku. 
vellers,  is  greater  towards  the  northern  Regions,  and  diminilhesas  we 
go  Southward)  the  Heights  of  tliofe  Mountains  will  be  taken  too  lit- 
tle, and  their  Bafcs  confequcntly  longer,  which  will  make  due  D^reee 
appear  bigger  than  they  are.  Let  ABCD,  for  Example,  be  a  Moun- 
tain,  as  the  Mountain  of  Rodez^  in  the  Ladtiide  ol  44^  2  r,  whofe 
Height  BD  is  300  Toifes,  and  whofe  Sides  AB  and  BC  (fuppofed 
to  make  an  Angle  of  26*^  33%  with  the  Horizon^  are  found  by  Tri» 
gonometry,  to  be  of  670,8  Toifes  each ;  if  by  a  Miftake,  in  tak- 
ing the  Height,  it  be  fuppofed  only  equal  to  ED,  or  257  Toifes,  then 
the  Lines  AB  and  BC  will  become  £F  and  EG-,  fo  that  the  Bafe  AC, 
which  before  was  of  1200  Toifes,  will  become  equal  to  FG,  which 
will  appear  to  be  1279,6  Toifes,  by  Eud.  47.  i.  Now  one  fuch  Mif-^ 
take,  in  one  Degree,  will  give  a  Difference  above,  twice  as  great  as  the 
fuppofed  Difference  of  Degrees  in  that  Latitude,  which  they  make  o€ 
3 1  Toifes.  And  that  there  was  a  Miftake  of  this  Kind  in  taking  the 
Height  of  that  Mountain,  I  ftall  (hew. 

•The  Vapours,  that  generally  float  in.  the  Air  about  the  Tops  of 
high  Hills,  make  it  fo  difficult  to  take  their  Height  exaftly,  thai  Ex- 
periments, made  with  the  Barometer,  will,  by  obfcrving  the  Fall  o^ 
die  Mercury,  ftiew  the  Height  nearer  than  any  Thing  elfcw^  know  of. 
There  were,  indeed,  fevfraT  Experiments  made  with  the  Barometer  % 
where  the  Differences  of  the  Height  of  the  Mercury,  from  the  Heights 
at  which  it  ftood  at  tlie  Royal  Obfervatory,  are  laid  to  anfwer  to  fo 

niany 
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xaoxtf  Toiies  5  but  of  nine  Obfcrvations  mentioned  bjr  M.  CaJftMy 
there  tre  not  mo  where  the  Nunabcr  of  Toifes,  faid  to  corrcfpond  to 
the  Heights  of  the  Barometer,  do  agree  together. 
-•  The  firft  Exf^rimcnt  of  the  Barometer  there  mentioned,  made  at 
Ceihourej  wia  this;  ^  At  th^  Height r of  11  i  Toifes  above  the  Sea, 
4  the  Barometer  was  iet  up,  and  toe  Mercury  (tood  3  j  Lines  higher 
^  than  at  the  RoyM  Obfervatory  (in  the  Tower  of  the  eaftern  Hall) 

*  at  the  fame  Time ;  and  therefore,  fince  that  Tower  is  44  Toifes 
^  higher  than  the  S^  3  ^  Lines  dF  Mercury  mud:  anfwer  to  32  ^ 

•  ToifesL 

Kow,  reducing  thefe  Toiies  to  Feet,  and  dividing  by  3  j  it  will  ap- 
pear that  a  He^bc  of  58,5  Feet  will  anfwer  to  the  Fall  of  one  Line  of 
Mercury  in  tbe  B^ometen  Let  this  be  taken  as  the  Standard,  and  the 
other  Obfcrvations  be  compared  with  it.  This  may  be  done  by  the 
fallowing  Table,  where  the  firft  Column  fhews  the  Place  where  the? 
Obfervation  was  made;  the  feeoftdy  the  Fall  or  Rife  of  Mercury  ai'' 
each  Pfeice  cxprefsJc^  Lines,  i*  i2!ih  Parts  of  a  Frefkh  Inch ;  the 
dbird,  the  Heights  oiSttpthi^  answering  to  thofe  Lines  of  Mercury^ 
which,  in  the  Nfcml)irt;  «rc -^iv^n- in  T6ifes,  but -hsste  reduced  ^* to 
Feet;  the  fourth,  the NitoWof  FedtiinfW§ring'to6i!efLme?c^ 
cury  in  each  Obfervation,  whidi'  is  the  Quotfent  of  the  Fdet  in  the 
third  Column,  divided  by  the  Number  ofLinesirt  the  Second. 
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A  Sight  of  this  Table  will  convince  any  one,  that  thefe  Obfervati- 
ons are  not  to  be  depended  upon  for  determining  the  Height  of  the- 
Mountains  in  the  South  of  France ;  for  the  Differences  are  not  fmall, 
fuch  as  might  happen  in  niaking  the  Experiments  ;  but  fuch  as  ren- 
der the  Obfervations  ufclefs  for  the  Purpofes  abovementioned.  por 
Example,  the  firft  and  the  feventh  differ  almoft  j  :  And  if  58,5  Feet 
tvere  allowed  for  the  Fall  of  one  Line  of  Mercury  in  the  feventh  Ob- 
fervation, inftead  of  944  Feet,  then  the  Mountain  of  Cofie  would  be 
but  3085  Feet,  inftead  of  48^0.  Nay,  upon  examinine  the  Memoirs, 
I  find  that  in  feveral  Obfcrvations  the  Number  of  Toifcs,  faid  to  cor- 

B  b  b  2  refpond 
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Geography,  Navigation. 

t  I,  nri  H  A  T  the  Earth  is  of  a  fpherical  Figure,  or  nearly  fuch,  A  Difertatun 
1     has  been  proved  fo  often,  and  by  fo  many  unanfwcrable  concerning  tht 
Arguments,  that  to  repeat  them  here  would  be  tedious.     Bur,  as  a  lit-  ^'^^^^  ^  '*' 
tic  Variation,  from  a  true  Sphere  (befides  the  Irregularity  of  high  Hills  je^^S*.  t.  Dc* 
and  deep  Vallies)  does  not  hinder  us  from  calling  the  Earth  a  Globe ;  faguiiers. 
fo,  to  determine  what  that  Variation  may  be,  fince  modern  Philofophers  -^^-  ^  ^-  ^-  ^• 
are  divided  about  it,  may  be  a  Subject  not  ungrateful  at  this  Time.      "'  3*6.  p.  201. 

Monfieur  Cajftni  fays :  "  That  the  Earth  is  an  oblong  Spheroid, 
*•  higher  at  the  Poles  than  the  -Equator,  making  the  Axis  longer  than 
'«  a  DianKter  of  the  .flSquator  about  thirteen  French  Leagues,  which 
•'  he  deduces  from  comparing  his  Father's  Meafures  of  the  Meridian^ 
*•  from  Pariy  to  the  Pjrenann  Mountains,  with  thoft  of  Monf.  Pi- 
*'.  card  \  of  which  an  Account  may  be  icen  in  the  Memoirs  of  the 
"  Royal  Academy  for  1713.  But  having  afterwards  continued  the 
*'  Meridian,  which  is  drawn  through  France^  fix)m  Paris  to  DunkerquCy 
M  he  ftill  draws  Confequences  to  prove  the  Earth  an  oblong  Sphe- 
^'  roid^  but  then  makes  the  Axis  exceed  the -ffilquatoriaL  Diameter 
t*  34  Leagues. 

"  Sir  Ifaac  Newton  makes  the  Earth  higher  at  the  -Equator,  and, 
"  confequently,  flatted  towards  the  Polds,  reckoning  its  -ffiqua^orial 
'*  Dianleter  34  EngUJb  Miles  longer  th/in  the  Axis ;  which  he  proves 
*«  from  the  Principles  of  Gravity,  and  the  Centrifugal  Force  that  a- 
^*  rifcs  from  dicDiumal  Rotation  of  the  Earth  ;  and,  to  confirm  this, 
♦*  rocntionsJBpral  Experiments  on  Pendulums,  which  hav€  been  made 
*'  fhoroer,  toroing  Seconds,  near  the  Equator,  than  in  greater  La - 
•*  titudes/* 

Thefe  are  the  two  Opinions  which  have  divided  Philofophers,  and' 
which  we  propofe  to  examine  here. 

M.  Cafftni^  taking  the  NJieafure3  above-mentioned  to  be  exaft  e- 
Dough,  not  only  to  determine  the  M&griitude  of  a  Degree  of  the 
Earth,  correfponding  with,  a  Degree  of  the  great  Circle  of  the  Hea- 
vens, but  alfo  to  fhew  the  Difference  in  the  Degrees  of:  the  Earth-,  (reck- 
oning thofe,  that  were  meafured  in  the  South  of  France^  to  exceed' 
tliofe  towards  the  North,  by  a  certain  Number  of  Toifes  and  Feet)' 
demonftrates,  that  if  the  Degrees  of  the  Earth  are  longer  towards  thr 
JEquator  than  the  Poles,  the  Plane  of  the  Meridian  mull  be  an  FJlipfe, 
whofe  long  Axis  is  that  of  the  Earth*  Here  /oll^ws  his  firft  Demon^- 
ftration.  [See  the  French  Memoirs  for  the  Tear  17 13.]  "  Let 
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Fig.  182.  «  Let  BDCR  be  an  EUipfe  that  reprefents  a  Meridian  of  the  Earth, 

"  whofe  Poles  B  and  C  are  at  Ends  of  the  great  Axis  BC,  and  whofc 
"  Foci  E  and  F  are  taken  at  Pleafare.  /v(?w,  to  divide  this  EUipfe 
«  into  Degrees^  that  is^  to  find  fever  al  Points  H,  I,  V,  fucb^  that  the 
* «  Dijlance^  from  the  Pole  to  the  Zenith^  of  every  one  of  tbem^  Jbdl  he  of 
"  an'^  given  Number  of  Degrees. 

**  From  E,  one  of  the  Foci  of  the  EUipfe,  draw  the  Line  ET,  fo 

Demonfiration.  ,,  ^^^^  j^  ^^^^  ^j^,^  ^^^  ^^^^  g^^  ^^^^  ^^^  ^^gl^  BET  equal  to  the 

' '  Diftance  given  from  the  Pole  to  the  Zenith.  From  the  other  Focus 
<*  F,  with  the  Diftance  BC  equal  to  the  Axis,  draw  an  Arc,  to  cut 
"  the  Line  ET  at  T.  I  fay,  that  the  Line  FT,  drawn  from  the 
"  Point  T  to  the  Focus  F,  will  cut  the  Ellipfe  at  the  Point  H  ;  which 
'^  Point  is  fuch,  that  the  Diftance  of  the  Pole,  from  ih  Zenith,  con- 
**  tains  the  given  Number  of  Degrees. 

**  From  the  Point  H,  raife  H  Z,  perpendicular  to  the  Ellipfe, 
««  which  will  pafs  through  the  Zenith  Z  \  and,  being  produced  in- 
"  wards,  will  meet  the  Axis  of  the  Earth  at  O,  and  (by  the  Propcr- 
"  ty  of  the  EUijrfe)  divide  the  Angle  EHF  into  two  equal  Parts. 
"  From  the  Point  H,  draw  likewife  HP,  parallel  to  the  Axis  BC, 
*«  and  direfted  to  the  Pole  P,  fuppofed  at  an  infinite  Difliance.  The 
««  Angle  PHZ,  or  POZ,  meaiures  the  DiftanGe,  from  the  Pole  to 
^(  the  Zenith,  of  an  Inhabitant  dwelling  upon  the  Earth  at  the  Point 
'*  H.  FT  is  equal  to  the  Axis  BC,  by  Conftruftion ;  but,  by  the 
**  Property  of  the  Ellipfe,  BC  is  equal  to  EH  plus  HF  5  taking  a- 
<^  way  from  both  FH,  which  is  common,  EH  will  remain  equal  to 
«  HT.  The  Angles  ETH,  TEH,  will  therefore  be  equal,  and, 
««  confequently,  each  of  them  will  be  half  of  the  external  Angle 
*'  EHF  5  but  the  Angle  EHO  is  likewife  eoual  to  half  of  die  Angle 
*'  EHF  i  therefore  the  Angles  TEH,  EHO,  will  be  equal  to  one 
*'  another  ;  and,  confequently,  the  Lines  E  T  and  H  O  will  be  pa- 
«^  rallel  to  one  another ;  and  the  Angle  POZ,  wbj||^meafures  the 
'^  Diftance  from  the  Pole  to  the  Zenidi  of  the  Point  l^vitl  be  e^al 
<<  to  the  Angle  BET,  which  was,  by  Con[ftru£tion,V|ceA  equal  to 
*'  the  given  Diftance  of  the  Pole  from  the  Zenith  ;  wh(ffwas  to  be  de- 
*^  "  nionft rated. 

"  Now,  if  the  Projportion  of  the  longeft  Diameter  of  theElUpfe 
«^  BC  to  EF,  the  Diftance  of  the  Foci,  be  taken  at  Pleafiire,  one 
«<  may  by  Calculation  find  all  the  Points  of  the  Ellipfe  as  H,  to  de« 
«*  tcrmine  the  Degrees  by  this  Analogy. 
«  jis  FT  or  BC: 
"  Isto  EF:: 

"  So  is  the  Sine  of  the  An^e  PET  (the  given  Difiancefrom  the  Pole  to 
"  the  Zenith): 

"  To  the  Sine  of  the  Angle  ETF^  or  TEH:  Whofe  Quantity  will 
««  confequently  be  J^nown.    This  Angle  TEH  being  added  to  the 

«'  Angle 
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««  Angle  PET,  the  given  Diftance  from  the  Pole  to  the  Zenith  of  the 
««  Point  H,  will  give  the  Quantity  of  the  Angle  BEH,  which  a  Line 
«*  drawn  from  the  Focus  to  H,  uie  Point  required,  makes  with  the 
«  Axis  of  the  Ellipfe.  ^ 

"  Then  in  the  Triangle  EHF,  whofe  Side  EF  is  known,  as  well 
«  as  the  Angle  EHF,  which  is  the  Double  of  the  Angle  TEH,  and 
•'  the  Angle  FEH  Supplement  of  the  Angle  BEH;  one  (hall  have 
*«  the  Length  of  the  Side  EH,  known  in  Parts  of  the  Axis  BC. 

*'  Aftet-  the  fame  Manner,  may  be  found  the  Angles  BEI,  BEV, 
*«  ISc.  and  the  Length  of  the  Lines  EI,  EV,  to  determine  the  Dif- 
"  tance,  from  the  Pole  to  the  Zenith,  of  all  the  Degrees  of  tha 
**  Circumference  of  the  Earth ;  and  in  the  reftilinear  Triangles  HEI, 
"  lEV,  whofe  Sides  HE,  EI,  EV,  are  known  as  well  as  the  A  n- 
««  gles  comprehended  between  the  Sides  HE,  EI,  IE,  EV,  which 
*«  are  the  Differences  of  the  Angles  BEH,  BEI,  BEV,  determined 
**  above  ;  one  Ihall  find  the  Length  of  the  Chords  HI,  IV,  compre- 
«'  hended  between  each  Degree'*. 

Monf.  Caftniy  in  the  Memoirs  for  the  Year  171 8,  repeats  the  fame 
Demonftration  %  except  that,  before  it,  he  (hews,  that  if  feveral  Points 
be  taken  upon  a  Terreftrial  Meridian,  on  the  Surface  of  an  Elliptick 
Earth,  as  G,  H,  I,  K,  in  fuch  Manner,  that  their  relbeftive  Zeniths  pj    ^g 
Z,  L,  M,  N,  are  diftant  from  one  another,  an  egual  >Iumber  of  De- 

frees  meafiH"ed  in  a  Celeftial  Meridian  ;  the  Lines  Z G,  L H,  MI, 
r  K  (which  are  perpendicular  to  the  Eljiple)  being  produced,  will 
meet  in  the  Points  O,  R,  and  S,  making  equal  Angles ;  but  as  thofe 
angular  Points  are  not  equally  diftant  from  the  Curve  of  the  Ellipfe, 
that  Elliptic  Arc  muft  be  the  longeft  whofe  angular  Point  is  fartheft 
off.  Now,  by  the  former  Demonftration,  it  appears,  that  thofe  Arcs, 
which  are  taken  neareft  to  the  leflcr  Axis,  will  have  their  angular  Points 
farther  removed,  6?f. 

If  M.  C^ffjm's  Meafures  of  Terreftrial  Degrees,  decreafmg  from 
the  :^quator  towards  the  Pole,  were  grounded  on  Obfervations  liable 
to  no  Error,  he  would  have  fully  proved  his  Figure  of  the  Earth. 
But  iince  thofe  Meafures  (however  accurately  taken)  are  not  built  up- 
on a  mathematical  Certainty,  his  Premifes  may  be  called  in  Queftion, 
and  his  Conclufion,  tho'  mathematically  drawn  from  thefe  Premifes,  is 
only  probable.  - 

Now  therefore,  if  I  can  (hew  from  undoubted  Phxsnomena,  that  his 
Conclufion  will  lead  to  an  Abfurditv,  his  Meafures  muft  be  lalfe  \ 
becaufe  his  Reafoning  from  them  is  juib.  ^This  I  ftiall  endeavour  to  dq 
firft,  which  will  di^rove  his  Figure  of  the  Earth-,  and  afterwards 
endeavour  to  point  out  fome  of  the  Errors  which  I  fuppofe  to  have 
occafioned  the  Miftake  in  the  Meafures. 

M.  Cajfini^  aswell  as  the  Evgli/b  Aftronomers,believcsthat  the  Earth 
makes  one  Revolution  about  its  AxLs,  once  in  23  Hours  ^6',  becaufe 
in  that  Time,  the  Plane  of  any  Meridian  returns  to  the  fame  fixed  Scar 
IroHa  which  it  had  departed.  Let 
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to  allow  for  the  lengthening  of  the  fame  Rod  by  the  SummJr  Heat, 
whenit  is  Ihut  up  in  a  Cafe,  and  carried  towards  the  -Equator.  For 
though  the  Experiments  on  Pendulums,  made  by  feveral  Pcrfons  that 
travelled  Southward,  differ  among  themfelves,  yet  they  all  agree  in 
this,  that  the  Obfervers  were  obliged  to  Ihorten  their  Pendulums,  in 
order  to  make  them  fwing  Seconds,  as  they  went  towards  the  Equa- 
tor. And  when  we  come  to  compare  them  together,  in  order  to  have 
theexaft  Proportioft  of  Length  in  different  Latitudes,  we  muft  rely  on 
the  moft  exa<ft  Experimenter,  which  we  may  very  well  do  on  M.  Ri- 
cher 'y  becaufe  when  he  found  a  Difference,  he  was  fo  careful  to  find  out 
liow  much  it  was,  that  he  caufed  a  fimple  Pendulum  to  fwing,  and 
compared  it  with  a  good  Pendulum  Clock,  which  he  did  feveral 
Times  every  Week  for  lo  Months  together ;  and  when  he  returned  to 
France^  he  compared  it  with  the  Length  of  the  Pendulum  at  Paris  \ 
which  is  of  3  Feet  8  f  Lines  Cor  39,129  En^ijb  Inches;  and  found  ic 
to  be  fhorter  by  i  \  Line. 

r    '    J  L        i*  Since  the  writing  of  the  foregomg  Papers,  I  met  with  a  Differ- 
tblj^,        ^ti^n  of  M.  Mairan  (in  the  Memoirs  of  the  Royal  Academy  of  Pa^ 
11.388. p.  t77,r/j,  for  the  Year  17200  wherein  the  learned  and  ingenious  Author 
'  has  taken  a  great  deal  of  Pains  to  reconcile  the  Obfervations  made  on 
Pendulums  (found  to  be  fhorter  at  the  -^Equator  than  at  PariSj  when 
they  fwing  Seconds)  with  the  oblong  fpheroidical  Figure  of  the  Earth, 
deduced  from  M.  Coffin? s  Meafures.    And  though  upon  a  flrift  Exa- 
mination of  his  Conjedures,  and  what  he  gives  for  Demonftrations,  I 
do  not  find  Rcafon  to  alter  my  Opinion  concerning  the  oblate  or  flatted 
Spheroid,  which  Sir  Ifaac  Newton  has  (hewn  to  be  the  Figure  of  the 
Earth  ;  yet  fince  it  might  be  thought  by  fome,  who  have  read  Monf. 
Mairan^s  Treatife,  and  afterwards  may  read  mine,  that  I  have  not 
confidcred  all  die  Circumftances  that  He  has  done,  and  that  I  have 
tiot  been  cxaft  enough  in  the  Mathematical  Part  of  my  Differtation, 
becaufe  I  have  drawn  fome  Conclufions  from  fuppofing  the  Figure  of 
the  Earth  fpherical,  when  I  Ihould  have  fuppofed  it  an  oblong  Sphero- 
id ;  I  beg  Leave  to  fhew  here,  wherein  I  think  M.  Mairan  is  miftak- 
cn,  and  to  give  thofe  additional  Proofs  of  my  Affertions,  which  I 
promifed  the  Society  when  I  gave  in  my  laft  Paper. 
Firft  then  I  begin  with  the  Conjectures. 

Monf.  Mairan  fays,  that  it  is  as  reafonable  to  fuppofe  the  Earth  (if 
it  was  once  fluid)  to  have  been  an  oblong  Spheroid  at  firfl:,  as  a  Sphere ; 
^nd  that,  in  fuch  a  Cafe,  the  Centrifugal  Force  of  the  feveral  Parts  of 
the  Earth,  arifing  from  its  Revolution  about  its  Axis,  which  might 
convert  a  Sphere  into  an  oblate  Spheroid,  would  only  change  an  ob- 
long Spheroid  into  one  lefs  oblong. 

It  the  Earth  was  at  firft  a  Fluid  (fuppofed  homogeneous,  and  of 

any  given  Form)  and  left  to  thofe  Laws,  which  we  find  to  obtain  at 

prcfent;  it  muft  put  on  a  fpherical  Figure,  for  the  fame  Reafon  that 
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Drops  of  Mercury,  of  Water/  and  other  Fluids,  put  on  fuch  a  Fi- 
gure. And  to  fuppofe  any  Change  made  in  that  Figure  from  the  Pref- 
Kire  of  an  external  Fluid,  filling  up  all  Space,  is  contrary  to  what  has 
been  demonftrated  by  Sir  Ifaac  Newton  in  his  Principia  Lib.  2.  Prop. 
19.  where  he  fliews,  That  if  any  Portion  of  a  Fluid  be  comprefs'd  by  the 
fame  or  any  other  homogeneous  Fluids  that  Portion  will  not  have  its  Figure 
altered  by  that  Prejfure. 

And  indeed  we  fee,  that  in  the  Receiver  of  the  Air-Pump,  Lumps 
of  Butter,  coagulated  Oil,  or  Honey,  Drops  of  Quickfilver  or  Wa- 
ter, fc?f .  have  the  fame  Figure,  whether  .the  Preffure  of  the  Air  adls 
upon  them,  or  be  taken  off  by  exhaufting  the  Receiver. 

That  a  fluid  Subftance,  of  any  Figure,,  will  by  the  Gravity  of  its 
Parts  become  fpherical,  is  plain  by  the  following  Demonft ration. 

Let  ABCDE  be  a  Portion  of  a  homogeneous  Fluid,  whofe  Parts  pig,  191. 
tend  towards  one  another,  and  whofe  Figure  is  not  fpherical.  If  in 
fuch  a  Fluid  we  fuppofe  a  Syphon  as  ACL  (or  which  is  the  fame  Thing, 
if  all  the  Fluid  fliould  be  frozen,  except  the  Canal  ACE)  whofe  Legs 
AC  and  CE  are  unequal,  and  meet  at  C,  the  Center  of  the  Fluid,  to- 
wards which  there  is  die  greatcfl:  Tendency  ;  the  Fluid  will  run  out  at 
A  in  the  Leg  AC,  till  it  be  come  down  as  far  as  g  in  the  Leg  CE,  fup- 
pofing  C  g  equal  to  AC.  But  if  the  Leg  AC  be  lengthej|cd  as  far  as  r, 
then  the  Fluid  will  only  come  down  as  far  as  ^  in  the  Leg  CE,  and  at 
the  fame  time  rife  up  to  a  in  the  Leg  C  j,  C  a  being  equal  to  Ce. 

If  fuch  another  Canal  or  Syphon  be  fuppofed  at  BCD,  the  Fluid  in 
it  will  come  down  from  D  to  ^,  and  rife  from  B  to  b.  And  fince  fuch 
Syphons  may  be  fuppofed  all  over  the  Fluid  ABDE  ;  that  Fluid,  by 
the  mutual  Tendency  of  its  Parts  towards  one  another,  muft  be  redu- 
ced to  the  fpherical  Figure  abde.   ^E.D. 

Now,  without  confidering  the  Unreafonablenefs  of  the  Suppofition, 
let  us  imagine  the  Earth  to  have  been  an  oblong  Spheroid  at  firft,  and 
then  to  have  a  diurnal  Revolution  given  to  it,  which  fliould  by  Degrees 
fliorten  its  Axis,  to  bring  it  to  what  Meflleurs  CaJ/ini  2ind  Mairan  fup- 
^pofe  it  at  prefent  to  be.  If  in  fuch  a  Cafe  the  Earth  be  fuppofed  fluid 
enough  to  change  its  Figure,  by  the  Revolution  about  its  Axis,  why 
fliOuld  it  fliopwhen  the  -Equatorial  Diameter  comes  to  want  jufl:  ^^ 
Part  of  the  Length  of  the  Axis  .^  fmce  two  Powers  aft  upon  it  to  ftiorcen 
its  Axis,  viz.  Gravity,  and  the  Centrifugal  Force  ;  the  firfl:  of  which 
has  already  been  fliewn  capable  to  reduce  it  to  a  Sphere,  and  the  Centri- 
fugal Force  is  acknowledged  by  M.  Mairan  to  be  (as  Sir  Ifaac  Newton 
has  proved  it)  at  the  Equator  equal  to  ^\^  Part  of  the  Gravity  there. 
Certainly  the  Alteration  of  Figure  would  not  have  fl:opped,  before  the 
Earth  came  to  be  a  Sphere  ;  nay,  and  it  mufl:  have  rifen  at  the  ^qua-  • 
tor  ;  and  how  much,  I  have  already  fliewn  in  my  former  Papers. 

Again,  if  we  fuppofe  the  Earth  of  a  heterogeneous  Fluid,  before 
the  diurnal  Revolution,  the  heaviefl:  Parts  would  go  towards  the  Cen- 
ter, and  the  lighier  towards  the  Surface  •>  and.thit  Way  the  Terraque* 

D  d  d  2  •       *  ous  . 
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ous  Globe  would  alfo  become  a  Sphere.  Then  if,  when  the  Central 
Parts  are  fixed,  and  the  fuperficiaf  Strata  are  ftill  fluid,  the  Earth  re-, 
ceives  a  diurnal  Motion  ;  it  will  rife  at  the  Equatorial  Parts,  and  that 
to  a  greater  Height  than  what  I  have  fliown  in  my  former  Papers,  where  - 
I  fuppofed  the  Earth  of  uniform  Matter.  And  that  fomeching  like 
this  muft  be  the  Cafe,  appears  from  what  Sir  lfaa€  Newton  has  faid  up- 
on this  Subjeft.  For  after  having  fhcwn,  from  fuppoftng  the  Earth 
of  uniform  Matter,  that  the  Centrifugal  Force  of  all  its  Parts  would 
bring  it  to  be  1 7  |  Englifti  M  lies  higher  at  the  Equator  than  at  the 
Poles,  and  after  having  given  a  Table  of  the  proportionable  Decreafe 
of  the  Length  of  the  Degrees  of  a  Meridian  of  the  Earth,going  from  the 
Poles  to  the  Equator,  in  fuch  a  Figure  of  the  Earth,  with  the  Lengths 
that  Pendulums  muft  have  to  fwing  Seconds  in  feveral  Latitudes ;  from 
a  Comparifon  of  the  Lengths  of  Pendulums  (obfcrved  by  different- 
Perfons  to  be  fhortcr  towards  the  Equator,  than  in  greater  Latitudes 
•  (when  they  fwing  Seconds j  he  fhews  that  the  Earth  muft  be  3 1  ^  ^ 
Miles  higher  at  the  Equator  than  at  the  Poles ;  and  therefore  that  ic 
muft  be  denfer  towards  the  Central  than  the  Superficial  Parts  to  produce 
a  flatted  Spheroid,  where  the  Equatorial  Diameter  muft  exceed  the 
Axis  fo-  much  more;  that  is,  be  longer  fomcthing  more  than  ,|, 
Part. 

lam  vttj  WlKa^rire,  thst  i?  may  be  objefted  by  fuch  as  have  read 
M.  M?/>^«'sDiflrcrtation,  and  have  not  read  Sif  Ifdac  N^wtof^s  Prin- 
apia^  or  have  not  read  that  Book  with  due  Attention  —  "  Thi^t  I  havr 
**  not  argued  fairly  in  drawing  Confequenccs  from  a  greater  Gravity 
"  at  the  Equator  than  at  the  Poles,  in  an  oblong  Spheroid  •,  becaufc 
"  M.  Mairan  has  Ihewn,  that,  in  fuch  a  Figure  of  the  Earth,  the 
*'  Gravity  is  greater  at  the  Poles  than  at  the  Equator  y  and  that  I 
«*  fhould  have  drawn  my  Confequenccs  from  thefe  Principles."  To 
which  I  anfwer,  that  his  Dcmonftrations  about  Gravity  are  built  upon 
wrong  Suppofitions,  as  I  fliall  fhew  by  and  by.  .  Nevertherlefs, 
fuppofing  tlw.t  Gravity  was  greater  towards  the  Poles  than  towards  the 
Equator,  in  the  Proportion  that  he  afligns,  namely  of  the  Ray  of 
Curvature  drawn  into  the  Perpendicular  to  the  Curve,,  germinated  at 
the  Axis ;  let  us  confider  what  will  follow  from  his  Principles. 
Kg.  19a.  Let  us  then  fuppofe  the  Earth  at  firft  in  a  fluid  State ;  A  A  the  Axis, 

JE  the  Equatorial  Diameter,  ab  2i  Ray  of  Curvature,  dn  another^ 
^^  and  dC  two  Lines  of  Tendency  or  Perpendiculars  to  the  Curved 
intercepted  by  the  Axis  at  c  and  C  •,  and  d  C,  AC,  two  Tubes  or  Ca- 
nals of  the  Fluid,  gravitating  towards,  and  communicating  at  C.  I 
fay  that,  according  to  M.  Mairan's  Principles  of  Gravity,  the  Earth 
cannot,  preferve  its  oblong  fpheroidical  Figure.  For  fince  the  Gravity 
at  /I :  Is  to  the  Gravity  2it  d : :  As  d nx  dC  :  to  a  b.x  a  c^  it  will  follow 
(from  the  Nature  of  the  Ellipfej  that  the  Gravity  at  A  :  will  be  to  the 
Gravity  at  d: :  As  AC+ :  to  iC+  :  and  therefore  the  Forces,  with 
jachkh  the  Columns%of  Fluid  AC  and  ^C  tend  towards  C,  will  be  as 

theif 
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tfceir  Mafles  drawn  int6  the  Forced  driving  towards  C,  that  \%^  as  AC  x 
AC*  to  d  C  X  JC*.  Mow  by  the  Principles  of  Hydroftaticks,  it  is 
evident  that  the  Fluid,  in  the  Canal  AC,  will  caufe  the  Fluid  in  the 
Canal  iC  to  run  out  at  d  as  long  as  AC  x  AC-*  is  greater  than  JC  x 
d  C-*  :  And  if  the  Canal  Qd  be  continued  ouite  to  c/^fthc  Surface  of  the 
Fluid  ia  AC  will  fink  to  «,  whilft  the  Surface  of  the  Fluid  in  J  C  rifes 
op  to  c?-,  in  which  Cafe  as  a  C  =  C  <^,  the  Point  A  will  come  to  a,  and 
the  Point  dtoc/^,  and  the  Curve  A  ^  being  changed  into  ac^,  the  ob- 
long Spheroid  will  be  changed  into  a  Sphere,  the  only  Figure  confift- 
ent  widi  the  jEquilibHum  of  the  fluid  Parts,  according  to  Monf.  Mai- 
fan's  own  Principles ;  becaufc  then  you  will  have  AC"^  =  dC^j  and 
ACxAC^^idCxd  C^.  If  we  make  ufe  of  Sir  Ifaac  Newton\  Prin- 
ciples in  this  Reafoning^  we  (hall  alio  (hew,  that  an  oblong,  fphcroi- 
dical,  fluid  Earth  will  be  changed  into  a  Sphere  *,  but  not  fo  faft  as  ic 
does  by  Monf.  Maxrat^%  Laws  ;  for,  according  to  Sir  Ifaac  Newton^ 

the  Gravity  at  A:  Is  to  the  Gravity  at  i::  As  •  Cdi  •  AC. 

N.  B.  Here  we  bdvefuppofed  no  diurnal  RevokHon^  for  asfoon  as  that 
higinsy  the  CcMrifkgai  Force  will  raife  the  ^Equatorial  PartSy  andcbange 
the  Sphere  into  afiMed  Spheroid,,  m  has-been  before  fiewn^  and  is  allows 
I        od  by  MMainm. 

N6W  if  we  fuppofe  th&fame  Figure  of  the  Earth,  but  the  Land  (at 
ks  firft  Creation)  as  firm  as  it  is  now ;  it  will  in  that  Cafe  follow #onx  - 
M.  Mairan's  Principles,  that  the  Sea  muft  rife  and  overflow  alLcte  J£- 
quatorial  Rtgions,  tho*  the  Eurch  had  no  diurnal  Revolution ;  and 
much  more  fo,  when  the  Centrifugal  Force,  ari(ing  from  the  diurnal  > 
Motion,  helps  to  carry  the  Water  the  fame  Way. 

Let  P  ^  P  M  reprefent  the  Plane  of  a  Meridian,  P  P  the  Axis  o^  Dgfj^j^riHionl 
the  Earth  (fuppofed  an  oblong  Spheroid;  4B  M  the  Diameter  of  the 
iEquator,  deam  Part  of  the  Surface  of  the  Earth,  a  A  and  e  B  two  Fig.  193. 
Perpendiculars  to  the  Surface  of  the  Earth  (which  are  here  two  Rays  of 
Curvatmre)  fc  the  Surface  of  the  Sta^  M^fdeg^  b  a<t  c  two  Cylin- 
ders of  Sea-Water  of  equal  Bafes  and  cqu^l  Heights. 

Since  Gravity  afts  on^the  two  equal  Columns  of  Water  bac  a^fdeg 
in  the  reciprocal  Ratioof  the  Ray  of  Curvature  (at  the  refpe6tive  - 
Places  of  tne  Columns;  drawn  into  that  Part  of  it  which  Monl.  Mai- 
ran  calls  the  Line  of  Tendency  (that  is,  in  the  Ratio  of  e  B  x  ^  Z  to 
e  A  X  /p  C;  the  Weight  o(  fe :  will  be  to  the  Weight  of  ba::  Afi 
a  AxaC:  tov  B  x  ^  Z.  Therefore  if  there  be  a  Communication  be- 
tween the  fluid  Columns/^  and  ba^  there  cannot  be  an  jEqutUbri- 
utn^  till  the  Quantity  of  Matter  in  /^,  becomes  to*  the  Qii.iarity  of 
Matter  in  b  s^  reciprocally  as  the  Gravity  at  the  Place  ce  is  to  the  Gra- 
vity at  ^j  and  in  that  Cafe  the  Height  g^  will  be  reduced  to  ke^  if 
he\cit:\e^xeZ,\(sK%aQ.     And  confcqucntly  the  Surface  of 

the 
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the  Sea  will  go  thro*  the  Points  xkhc^  where  \  c  under  the  -ffiquator  is 
higher  than  i  k  towards  the  Poles.     ^  E.  D. 

N.  B.  That  the  Centrifugal  Force  willftill  add  to  the  Height  of  the  Sea 
at  hcj  is  plain  from  what  we  have  faid  before.  And  if  we  apply  thefe 
Principles  to  determine  the  different  Lengths  of  Pendulums j  fwi^ging  Se^ 
conds  at  Paris  and  at  the  jEquator  ;  from  the  Gravity  at  Paris,  compared 
to  the  Gravity  at  the  ^Equator  (in  this  Suppofition  of  the  A£lion  of  GrO' 
vity  and  Figure  of  the  Earth)  a  Pe^tdulu^n  muft  bejborter  at  the  ^qua^ 
tor  by  more  than  10  Lines ^  without  confidering  the  Centrifugal  Force  ;  and 
if  the  Centrifugal  Force  be  taken  into  Conji deration,  the  Pendulums  mufi 
befljortened  near  a  whole  Inch.  But  this  being  about  five  Times  more  than 
agrees  with  Obfervation  \  what  proves  too  much,  proves  nothing  at  all. 

Having  thus  fhewn,  that  Monf.  Mairan*s  Account  of  the  Adlion  of 
Gravity,  on  feveral  Places  upon  the  Earth's  Surface,  can  be  of  no 
Service  for  reconciling  the  Experiments  made  on  Pendulums,  with  the 
Figure  of  the  Earth  deduced  from  M.  Cafftni\  Meafures  :  I  proceed 
to  fliew  that  his  Demonftrations  are  founded  upon  wrong  Principles 
And  firft,  in  relation  to  Gravity. 

This  Gentleman  has  followed  Sir  Ifaac  Newton,  in  faying,  that  Gra» 
vity  increafes  in  a  duplicate  reciprocal  Proportion  of  the  diminilhed 
Diftance  from  the  Center  of  the  Force,  and  fo  vice  versa ;  but  he  has 
followed  Sir  Ifaac  Newton  no  farther  than  ferved  his  prefent  Purpofe ; 
otherwife  he  would  have  known. — That  in'refpeit  to  a  Central  Body 
(as  a  Planet)  towards  which  others  are  {attraSed  or)  impelled  by  Gra- 
vity, this  Law  obtains  only,  as  Bodies  attraAed,  are  removed  from 
the  Surface  of  the  Planet,  to  greater  Diftances  from  the  Center  com* 
pared  with  that  Diftance  ;  or  as  from  greater  Diftances  they  approach 
nearer  to  the  Planet. — That  the  greateft  Aftionof  Gravity  is  at  the 
Surface  of  the  Planet. — That  afterwards  in  advancing  towards  the  Cen- 
ter, the  Force  of  Gravity,  on  the  Body  attradted,  continually  grows 
lefs,  decreafing  direftly  as  the  Diftance ;  and  xhat  this  holds,  true  in  a 
Spheroid  as  well  as.  a  Sphere. — That  on  different  Parts  of  the  Surface  of 
the  Earth  (\n  the  Condition  it  is  now^  the  Gravity  on  Bodies  is  recipro- 
cally as  their  Diftance  from  the  Center  of  the  Earth. —  That  though 
at  a  confiderable  Diftance  we  look  upon  the  Earth,  or  any  Planet,  or 
even  the  Sun,  as  a  Point  (in  the  Center  of  the  Forces  tending  towards 
it)  endued  with  an  abfolute  Force,  proportional  to  its  Quantity  of 
Matter  -,  yet  when  we  come  fo  near  the  Body  as  to  confider  the  Space 
it  takes  up,  we  are  to  take  notice,  that  the  whole  Attraction  or  Gravity 
of  the  Body^  is  made  up  of  the  Sum  of  the  Attraftion  of  all  its  Parts 
properly  combined  j  and  therefore,  that  when  a  Corpufcle,  or  Body 
attrafted,  comes  to  be  within  the  Planet,  or  Body  attrafting,  the 
Matter  above  it  draws  it  back  in  fuch  a  Manner,  that  it  leaves  it  only 
a  Force  to  go  on  towards  the  Center,  which  is  ^ireftly  as  the  Diftance, 

as 
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as  we  have  already  faid ;  jufl:  as  if  a  Body  concentric  to  the  Planet 
(whether  fpherical  or  fpheroidical)  had  its  Surface  juft  where  the  Cor- 
pufcle  is,  and  all  the  exterior  Cruft  or  Shell  was  annihilated, 

I  do  not  doubt  but  M.  Mairan  will  be  of  this  Opinion,  when  he  has 
carefully  and  impartially  examined  the  12th  and  13th  SeSlions  of  the 
Firft  Book  of  Sir  Ifaac  Newion*s  Principia,  and  the  i8th,  19th,  and 
20th  Prop,  of  the  Third  Book.  And  if  he  will  be  at  the  Pains  to  com* 
pare  the  38th  and  ^^th  Propojithns  of  the  Third  Book  with  the  66th  of 
the  Firft,  he  will  find  that  the  Preceffion  of  the  -Equinoxes  is  owing 
to  the  broad  fpheroidical  Figure  of  the  Earth  ;  and  that  if  it  had  M. 
CaffinV^  Figure,  the  -ffiquinoftial  Points  would  move  in  Confequentia 
fafter  than  they  do  now  /»  Antecedentia. 

Further  M.  Mairan  demonftrates,  that  in  an  oblong  Spheroid,  the 
Diminution  of  Gravity,  by  the  Centrifugal  Force,  encreafcs  fafter  in 
going  from  the  Poles  to  the  -ffiquator,  than  it  would  do  in  a  Sphere, 
and  fafter  in  a  Sphere  than  it  would  do  in  a  broad  Spheroid  ;  and  there- 
fore would  fhew,  "  That  notwithftanding  the  Surface  of  the  Earth  is 
*•  nearer  to  the  Center  in  M.  CajffinVs  Figure  than  in  Sir  Ifaac  Newton*^ 
**  yet  the  Centrifugal  Force  will  diminifh  the  Gravity  fo  faft  in  going 
**  from  Paris  to  the  Equator,  that  the  fliortening  of  Pendulums,  to 
**  make  them  fwing  Seconds  at  the.-Squator,  may  very  well  be  account- 
*«    ed  for  that  Way  •*. 

Now  let  us  examine  into  this  Matter,  to  fee  whether  the  Caufe  is  ade- 
quate to  the  Effeft. 

If  the  Diftance  from  the  Surface  of  the  Earth  at  the  Pole  to  the  Cen- 
ter be  96,  and  the  Diftance  of  the  Surface  at  the  Equator  be  g^^  the 
Diftance  of  the  Surface  at  Paris,  in  the  Latitude  of  48^  50',  will  be 
SSt  562,  i^c.  by  the  Property  of  the  EHipfe.  Now  fince  the  Force 
of  Gravity,  in  diflferent  Places  on  the  Earth*s  Surface,  is  reciprocally 
as  the  Diftance  from  the  Center,  and  the  Lengths  of  Pendulums,  that 
perform  their  Vibrations  in  the  fame  Time,  are  direftly  as  the  Force 
of  Gravity  ;  therefore  the  Length  of  Pendulums  at  Paris,  will  be  to 
their  Length  at  the  -Equator,  as  95  to  95,562,  i^c.  that  is,  as 
440,555,  6?^.  to  443,165,  fc?r.  and  confequently  they  muft  be  length- 
ened 2,61,  ^€.  Lines,  But  as  from  M.  Mairan\  Principles,  the  Di- 
minution of  Gravity  by  the  Centrifugal  Force,  is  greater  at  the-ffil- 
quator  than  at  Paris,  hardly  ^\^  Part  of  the  whole  Gravity  at  the 
JEquator,  the  Pendulums  mult  be  (hortened  in  that  Proportion ;  fo 
that  then  the  Length  of  a  Second- Pendulum,  will  be  440,555  -4- 
2,6f —  I  Lines.  But  as  that  Quantity  is  greater  than  440,555,  fcfr, 
therefore  the  Pendulums  upon  the  V/hole  muft  be  lengthened :  Nay, 
though  we  Ihould  allow  a  Ijjortening  of  two  Lines  -,  (mce  by  Obfer- 
vation  Pendulums  are  found  to  be  about  two  Lines  (horter  at  the  ^- 
quator,  the  oblong  fpheroidical  Figure  of  the  Earth  cannot  be  confift- 
ent  with  the  Experiments  on  Pendulums. 

I  beg  Leave  to  fet  down  Monf,  Mairan^s  aforefaid  D^monftration 
here  5  that  we  nuy  fee  whether  he  has  affumed  true  Principles. 
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Profofithn  V.  *  XL  fbe  Centrifugal  Force  at  any  Degree  of  Latitude^  taken  npdh 
the  oblong  Spheroid^  between  the  ^Equator  and  the  Pole^  is  lefs  in  Com^ 
parifon  to  the  Centrifugal  Force  at  the  Equator ^  than  it  would  be  at  the 
fame  Degree  of  Latitude  taken  upon  a  Sphere  \  or^  which  is  the  fame 
things  the  Centrifugal  Force  encreafes  more^  going  from  the  Poles  towards 
the  jEqaator^  upon  an  oblong  Spheroid^  than  upon  aperfeS  Sphere  ;  and 
confequently  Gravity  diminifhes  more^  and  a  Pendulum  muft  he  more  fhort-^ 
ened  under  the  Mquator^  in  the  Hypothefts  of  the  oblong  Spheroidy  than  in' 
that  of  a  perfeSt  Sphere. 
Fig.  194.  •  Having  dcfcribed  an  oval  Curve  of  any  Xind,  as  for  Example, 

the  Ellipfc  ADBE  abovementioned,  and  infcribcd  the  Circle  DHE, 
whofe  Radius  is  DC  =:  half  the  fhorter  Axis  DE  j  upon  AD  take  a- 
ny  Point  as  R,  between  the  iEqaator  and  the  Pole,  add  from  that 
Point  to  the  Evoluta  OTX  draw  the  Ray  of  Curvature  RT,  which 
^wt^  xh&  Line  of  Tendency  RP  (Jrt.lV.)  Draw  likewife  from  the 
common  Center  C,  to  the  Circumference  of  the  Circle  DH,  a  Radius^ 
CV,  parallel  to  PR,  and  meeting  the  Circle  at  V  ;  then  from  the 
Points  R,V,draw  the  Lines  RN,  VZ,  perpendicular  to  the  Axis  AB. 

*  It  muft  be  obferved,  Firfi^  That  as  the  Ellipfe  AD  reprefents  a 
Meridian  of  the  oblong  Spheroki,  the  Circle  DH  reprefents  a  Me- 
ridian of  a  Sphere  in  the  fame  Plane. 

*  Secondly^  That  the  Point  V,  on  the  Circular  Meridian,  anfwers  to 
the  fame  Degree  of  Latitude  as  the  Point  R,  upon  the  elliptical  Me- 
ridian ;  becaufe  the  Lines  PR,  CV,  being  parallel  to  each  other, 
and  perpendicular,  the  ond  to  the  Ellipfe  and  the  other  to  the  Circle 
(by  ConftruStion)  the  touching  Planes,  or  Horizons  of  the  Points 
R,  V,  will  alfo  be  parallel.' 

*  Thirdly^  Whence  it  follows  that  the  Diminution  of  the  Centrifu- 
gal Force  (ading  againft  Gravity)  on  account  of  its  Obliquity  to 
the  Horizon  {Art,  X.)  of  the  fame  Degree  of  Latitude  on  the  El- 
liptical and  on  the  Circular  Meridian,  is  the  fame  in  both  Cafes, 
and  in  the  fame  Ratio  as  the  abfolute  Centrifugal  Forces  rcprelented 
by  the  Perpendiculars  RN,  VZ,  (^Art.  IX.)  Therefore  to  know  whe-^ 
ther  the  Centrifugal  Force  ^whether  abfolute  or  relative)  of  the  Pomt 
R,  upon  the  oblong  Spheroid  ADBE,  be  lefs  or  greater  in  refpeft  to, 
the  Centrifugal  Force  under  the  common  -Equator  DE,  than  the 
Centrifugal  Force  (whether  abfolute  or  relative)  of  thecorrefpondent 
Point  V  upon  the  Sphere ;  nothing  more  is  required  thian  tofee  which 
is  thelongeftof  the  two  Perpendiculars,  namely,  RN  in  the  oblong 
Spheroid,  or  VZ  in  the  Sphere  ;  fince  thefe  two  Lines  exprefe  the 
Radii  of  the  Circles  of  Revolution,  and  confequently  the  abfolute 
Quantity  of  the  Centrifugal  Forces. 

*  4/Wy  and  laftly^  That  the  Ratio  of  the  Centrifugal  Forces  of  two 
correfpondcnt  Points  upon  the  oblong  Spheroid  ADBE,  and  the  ih- 

"  fcrib'd 
•  See  Monf.  MairanV  Diffirtation,  Article  XI.  &c 
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'  fcribed  Sphere  DHE,  to  the  Centrifugal  Force  of  their  -Equators 

*  is  the  fame,  fuppofing  the  Sphere  of  any  other  Bigncfs ;  and  that 

*  it  has  been  determined  h?re  of  the  Diameter  DE,  only  to  render 

*  the  D:^monftration  eafier,  by  giving  the  fame  Confcquent  to  the  An^. 

*  tecedents  RN  and  VZ.     For  if  about  the  Center  C  and  wich  the 

*  Radius  C  d^  the  Circle  db  e  be  defcribed  equal  (for  Example)  to  a 

*  Meridian  of  a  Sphere  of  the  fame  Solidity  as  the  oblong  Spheroid 

*  ADBE  ;  and  the  Radius  CV  be  produced  till  it  meet  the  Circle  db 

*  at  the  Point  u,  and  «  z  be  let  fall  perpendicular  to  the  common  Axis 
'  of  Revolution,  and  parallel  to  VZ :  It  is  plain,  that  we  Ihall  always 

YZ    uz  RN 

*  haveVZ:  DC::  uzidC,  or —  = — ,  and  confcquently — will 

DC    ^C  DC 

VZ         uz 

*  have  the  fame  Ratio  to as  to  — 

DC       dc. 

*  Therefore,  in  order  to  demonftrate  that  the  Centrifugal  Force  of 

*  a^Point,  taken  in  any  Latitude  upon  the  oblong  Spheroid,  is  lefs 
^  when  compared  to  the  Centrifugal  Force  of  the  like  Point,  taken 

*  upon  a  Sphere  in  refpeft  to  the  Centrif^ugal  Force  at  the  ^Equator  ;. 

*  there  is  nothing  more  required  than  to  fhew  thatRN  <;VZ,  becaufc 

RN      VZ 

«  by  that  Means  we  fhall  have <  — ^. 

DC       DC 

*  This  being  obferved;  from  the  Point  R,  draw  the  Line  RI,  paraU 

*  lei  to  the  Axis  AB,  and  meeting  the  Circle  DH  at  K,  and  the  Dia- 

*  meter  DE  of  the  JEquator  at  the  Point  L     From  the  Point  IC  hav- 

*  ing  let  fall  the  Perpendicular  KL  =  RN,  upon  the  Axis  AB,  and 

*  drawn  KC  to  the  Center  C  ;  the  Queftion  will  be  brought  to  this, 

*  viz.  To  know  whether  the  Point  V  coincides  with  the  Point  K  j  or 

*  whether  it  is  above  it  towards  D,  or  below  towards  H.  .   . 

*  ButCK  =  CV  =  CD>PR  (ArfVm.)  therefore  Qt  and  PR 

*  being  both  between  the  Parallels  AC,  Rl,  thegreatefl  CK  is  more 

*  inclined  to  them  than  the  lead  PR,  and  the  Angle  KCA  is  lefs  than 

*  the  Angle  RP  A=:VCA.     And  fince  thefc  two  Angles  have  each  of 

*  them  one  of  their  Sides  coinciding  with  the  Line  AC,  namely,  the  • 

*  Side  AP  of  the  Angle  RP  A,  and  the  Side  AC  of  the  Angle  KCA; 
«  it  follows  that  the  Side  VC  of  the  Angle  VCA=RPA  >  KCA, 
<  will  go  above  CK  between  CK  and  CD,  and  meet  the  Line  RI  at 

*  the  Point  G,  between  K  ?ind  I,  and  the  Circle  DH  at  the  Point  V, 
^  which  confequently  will  b^  above  RI,  between  K  and  D.     There- 

*  foreCV=CG+GVis=PRH-GV,  and  confequently  VZ,  which 
'  meets  RI  at  the  Point  F,  is  =ZF+FV=RN+F V ;  and  therefore 
«  RN=VZ— FV.     Therefore  RN  <;VZ. 

«  And  becaufc  the  fame  Thing  may  be  demonftrated  in  refpeft  of 

*  any  other  Point,  taken  between  the  -Equator  and  the  Pola;  and  that 
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«  Gravity,  and  confequentljr  the  Length  of  a  Pendulum  diminifhcs, 
^  as  the  Centrifugal  Force  encreafes.     Therefore,  6?r.  ^  E.  D. 
CmlUry  *  XII.  From  what  has  been  demonftrated,  and  from  Prop,  3.  Art. 

*  «  VIII.  it  follows,  that  the  Perpendicular  which  is  drawn  from  any 

*  Point  of  an  oval  Meridian  to  the  Axis,  will  befo  much  Ihorter,  in 
«  Comparifon  to  the  Perpendicular  drawn  from  the  correfpondcnt  Point 

<  of  an  infcribed  circular  Meridian,  as  the  Latitude  is  greater ;  and 

*  confequently  (by  Art.  XL  Num.  3.)  the  Centrifugal  Force  will  be 

<  fo  much  the  lefs,  and  Gravity  fo  much  the  greater,  upon  the  oblong 

<  Spheroid,  in  refpeft  to  the  Centrifugal  Force,  and  the  Gravity  un- 

*  der  the  Equator. 

*  For  as  the  Line  RP  does  always  decreafe,  as  the  Point  R  is  taken 
«  nearer  to  the  Pole  A,  it  is  evident,  that  the  Angle  VCK  will  conti- 

*  nually  encreafe,  in  refpedt  to  the  Angles  VCA,  KCA,  as  it  is  their 
.«  Difference,  and  confequently  that  the  Perpendicular  VZ  will  be  fo 
^  much  greater  than  the  Perpendicular  KL=RN. 

I  pafs  over  the  Demonftration  of  the  latter  Part  of  his  Propofition 
abovementioned,  which  he  deduces  juftly  from  his  Conftruclion,  if 
what  he  fays  {Num.  2.)  be  right ;  becaufe  in  fuch  a  Cafe  it  cannot  be 
called  in  Queftion  ;  and  proceed  to  an  Obfervation  that  he  makes  af- 
terwards, viz.  IVe  muft  take  care  to  obferve  in  the  foregoing  Propofttions 
and  Corollaries y  that  the  Comparifon  is  always  made  between  iwojindlar 
Points  of  Latitude^  taken  upon  the  two  Spheroids^  or  upon  one  of  the 
Spheroids  and  the  Sphere^  beftbeen  the  yEquator  and  the  PoleSy  in  refpeEi 
to  the  Centrifugal  Force  upon  the  Mquator  of  any  one  of  tbefe  Spheroids ^ 
or  of  the  Sphere.  For  if  we  only  compared  abfolutely  the  Centrifugal 
Force  of  a  Point  of  the  jEquator  of  the  one^  to  the  Centrifygal  Force  of 
a  correfpondcnt  Point  of  the  ^Equator  of  the  other ^  it  is  pain  that  it 
would  be  greater  upon  a  flatted  Spheroid^  than  upon  a  Sphere^  or  than 
upon  an  oblong  Spheroid  of  the  fame  Splidity^  in  the  Ratio  of  the  great 
Axis  of  the. generating  Ellipfe  of  the  flatted  Spheroid^ .  to  theUiameter  of 
the  Sphere  J  or  to  tbefhorter  Axis  of  the  generating  Ellipfe  of  the  oblong 
Spheroid.  And  in  all  Likelihood,  this  muft  be  the  Reafon  that  has  made 
others,  who  have  treated  of  this  Subjeilj  to  imagine  tie  very  contrary  of 
what  I  have  demonftrated. 

\  As  M.  Mairan  confiders  the  Earth  at  Reft,  in  the  Conftruftion  for 
his  Demonftration  above  quoted,  and  afterwards  obferves  what  Effcft 
the  Centrifugal  Force  will  have  uporj  Bodies  on  itsSurfcice,  to  diminilh 
the  Gravity,  with  which  they  endeavour  to  defeend  in  their  Line  of 
Tendency  R  P  :  He  fhould  not  only  have  taken  Notice  (as  he  has  done) 
that  the  whole  Centrifugal  Force  NR  is  not  to  be  fubftrafted  from  die 
Gravity  at  R,  as  the  whole  Centrifugal  Force  CD  is  to  be  fubftrafted 
from  the  whole  Gravity  at  D,  becaufe  of  the  Obliquity  of  RN  to  PR  ; 
but  he  fhould  have  obferyed  alfo,.  that  the  Obliquity  of  the  Plane  of  the 
Parallel  NR,  in  which  the  Centrifugal  Force  ads,  muft  alter  the  Line  of 
Tendency* RP,  and  change  the  Dircftion  RP  into  RW,  fomewhere 

between 
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between  the  Point  P  and  the  Center  C  j  for  if  there  be  a  heavy  Body 
as  a  Plummet,  hanging  by  a  Thread  in  the  Line  SR,  or  SP,  the  Line 
of  TcBdencjr  which  has  been  (lippofed  perpendicular  to  the  Curve  ARD, 
without  taking  in  the  EfFcft  of  the  Centrifugal  Force  j  as  foon  as  the 
Spheroid  revolves  about  its  Axis,  the  Body  which  would  fall  in  the 
Line  SR,  afted  upon  only  by  one  Force,  namely,  that  of  Gravity, 
will  now  be  afted  upon  by  another  Force,  at  the  fame  Time  pufhing  it 
in  the  Line  S  s  (which  is  the  fame  as  R  r)  and  confcquently  will  move 
in  the  Line  S  r,  diagonal  of  the  Parallelogram  j  S  R  r ;  or,  which  is 
all  one,  a  Body  placed  at  R  will  have  its  Line  of  Tendency  in  R  W, 
as  I  have  already  fhewn  in  my  firft  Differtation  on  this  Subjeft  j  only 
I  didnotfuppofe  the  Earth  a  Spheroid  before  the  diurnal  Motion,  and 
therefore  made  ufe  of  the  Line  ZV  inftead  of  the  Line  NR  ;  fo  diac 
it  may  be  objeded  that  the  Angle  r  S  R  will  not  be  fo  great  in  a  Sphe- 
roid as  in  a  Sphere,  becaufe  the  Centrifugal  Force  which  ads  with  the 
fame  Obliquity  (fuice  NRP=ZVC)  is  as  much  lefs  in  the  Spheroid  as 
NR  is  lefs  than  ZM :  But  I  was  aware  of  that,  and  therefore  made  the 
A^gle  R  S  r  only  of  5  Minutes,  when  it  really  appears  to  be  of  al- 
moft  fix  Minutes,  when  the  Earth  is  fuppofed  fpherical  ;  and  there- 
fore, without  coming  to  give  the  exa6t  Quantity  of  the  faid  Angle, 
one  may  eafily  perceive,  that  Monf.  C^^m's  Difference  of  the  Axis 
and  the  .Equatorial  Diameter  willjproduce  a  Figure,  in  which  the  An- 
gle R  S  r,  will  not  be  lefs  than  of  5  Minutes.  ^^ 

Such  an  Obliquity,  caufed  in  the  Diredion  of  Gravity,  will  render 
the  oblong  fpheroidical  Figure  of  the  Earth  impofllible,  becaufetheri 
Fluids  would  not  have  the  Lines  of  their  Gravity  perpendicular  to  the 
Horizons  of  the  Places  where  they  are  (fuppofing  the  Horizons  of 
Places  to  be  Planes  totiching  the  Curve  of  the  Earth  iii  thofe  Places) 
and  Plumb  Lines  would  be  fb  far  put  of  the  Perpendicular  to  Lines  of 
Level,  as  to  make  an  Aijgle  cafy  to  be  obferved,  as  I  have  Ihewn  in 
my  former  Papers. 

But  if  the  lame  Caufe  be  fuppofed  to  ad  upon  the  Sea  to  make  it  le- 
vel,  as  makes  heavy  Bodies  to  fall  (which  certainly  muft)  then  indeed 
Lines  of  Level  will  be  perpendicular  to  Plumb  Lines,  and  the  Level 
of  the  Sea,  taken  always  for  the.  Horizon  of  a  Place,  will  not  be  a  Plane 
couching  the  Earth,  but  cuttir^  it  towards  the  Poles,  and  confcquently 
the  Water  will  be  carried  towards  the  Equator,  as  was  before  Ihewn. 

Befides,  the  Difference  of  the  Adtion  of  the  Centrifugal  Force 
would  not  be  fo  great  between  correfpondcnt  Points  of  the  fame  Lati- 
tude in  the  Spheroid  and  in  the  Sphere  ;  for  when  the  Line  of  Ten- 
dency RP  is  by  the  Centrifugal  Force  changed  into  RW,  the  Point  R 
upon  the  Spheroid  does  no  longer  corrcfpond  in  Latitude  with  the  Point 
V  upon  the  Sphere,  but  muft  be  taken  nearer  to  V,  fo  that  the  Line 
RW  may  become  parallel  to  VC,  and  RWArzVCA. 

If  it  be  alledged  here,  that  M.^Mairan  fuppofes  the  Earth  in  Mo- 
don,  and  takes  in  die  Effeftof  the  Centrifugal  force,  when  he  makes 
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the  Line  of  Tendency  to  be  RP  •,  I  anfwer,  that  if  he  had  confidered 
the  Earth  as  revolving  upon  its  Axis,  he  would  not  have  made  VC  the 
Line  of  Tendency  of  a  fpherical  Earth  in  Motion,  fince  it  is  the  Line 
•     of  Tendency  of  fuch  an  Earth  at  Reft. 

In  M.  Mairan^s  Obfervation  abovementioned,  he  fays,  *  that  wc 

*  are  not  to  compare  the  Centrifugal  Force  at  the  -flEquator  of  an  ob- 

*  long  Spheroid,  with  the  Centrifugal  Force  at  the  Equator  of  a 
*•  Sphere,  or  at  the  -flEquator  of  a  Batted  Spheroid  of  the  fame  Solid!- 

*  ty  ',  allowing  that  then  it  would  be  greater  in  the  Sphere,  and  ftill 
'  greater  in  the  flatted  Spheroid  :  but  only  the  Centrifugal  Forces  in 

*  feveral  Latitudes  upon  the  fame  Figure." — But  I  beg  Leave  to  differ 
from  him  for  the  following  Reafons. 

1.  Becaufe  the  Force  of  Gravity  is  not  the  fame  at  the  JEquator  of 
the  flatted  Spheroid,  as  it  is  at  the  -Equator  of  the  Sphere,  or  as  it  is  at 
the  iEquator  of  the  oblong  Spheroid. 

2.  Becaufe  it  is  not  the  Tame  in  diflprent  Latitudes,  in  either  of  the 
Spheroids.  (See  Sir  Jfaac  Newton  Ob.  3.  Prop.  19  and  20.)  And 
Monf,  MciratC^  Way  of  arguing  will  only  ferve,  in  Cafe  the  Gravity 
Ihould  be  the  fame  in  all  the  Points  of  the  Surface  of  the  Earth  in  his 
Figure,  and  alfo  in  the  tv^o  other  Figures. 

For  Example,  let  the  uniform  Gravity  be  called  g  ;  and, 

1 .  Let  the  Centrifugal  Force  at  the  JEquator  of  the  flattedSpheroid  be 
called  ^-f-2  i  and  the  Centrifijgal  Force  in  afty  Latitude,as  for  Ejcample, 
the  Latitude  of  Paris  (as  it  isdiminilhcd  on  Account  of  a  (hortcr  Co- 
fine  of  Latitude,  and  likewife  on  Account  of  its  Obliquity  to  the  Line 
of  Tendency)  be  called  r-f-2 — I  j  the  Difference  of  the  Diminution  of 

Gravity  at  Parlsy  and  at  the  -Squator  will  be^ — H-2-— ^^^-4-2-^ 

2.  Let  the  Centrifugal  Force  at  the  -Equator  of  the  Sphere  be  calPd 
f+-i,.and  the  Centrifugal  Force  at  the  Latitude  of  Paris  be  called 
c+i — j-i-m  ;  the  Difference  of  the  Diminution  of  Gravity  at  Paris^ 
and  at  the  Equator  in  a  fpherical  Earthy  will  be 

g — c+ 1  — g^—c+ 1 — I — l'-hm:^-hm. 

3 .  Let  the  Centrifugal  Force  at  the  -Equator  of  the  oblong  Spheroid 
be  called  c,  and  the  Centrifugal  Force  at  Paris  be  called  c—l'+^m-hni 
the  Difference  of  the  Diminution  of  Gravity  at  Paris,  and  at  the  Je! 
quator,  in  an  ohlong^  fpheroidical  Earth,  will  be 

g — c —  g —  c — /-hOT-t-A:=/-f-wf-». 

Now,  if  Gravity  fliould  in  every  Cafe  be  equal  to  g,  it  is  evident, 
that  the  fliortening  of  Pendulums,  at  the  ^Equator,  would  be 
greater  in  the  oblong  Spheroid,  than  in  the  Sphere,  or  in  the 
flatted  Spheroid  ;  becaufe  as  the  Lengths  of  Pendulums  diminilh  with 
the  Gravity^  thofe  Lengths  will  be  at  Paris  and  at  the  iEquator,  when 
compared,  as  g—c-hi—l  to  g~c-hz  in  the  flatted  Spheroid  ;  as 
g^c-i-i—l-i-m  to  g~c-hi  in  the  Sphere,  and  ^sg—c—JVm^~n  to 

g-c 
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g — c  in  the  oblong  Spheroid;  and  confequently  from  wliat  M.  Ma> 
ran  has  demonftrated  this  Ratio  of  g — c — i-^-m-^n  to  g — c^  being 
greater  than  either  of  the  others,  the  Pendulums  muft  be  ihortened  in 
the  oblong  Spheroid. 

But  as  the  Force  of  Gravity  is  lefs  at  the  Equator  of  the  flatted 
Spheroid,  than  at  ihe^quator  of  the  Sphere,  or  of  the  oblong  Sphe- 
roid of  the  fame  Solidity  ;  let  us  exprels  its  Quantity  in  the  three  Cafes 
^y  l — ^^l^  ^"^  g^"J»  ^J^d  we  (hall  then  find  the  Lengths  of  the  Pendu- 
lums, at  the  Equator  of  the  three  Solids,  as  g — 5 — r+-2,  g — r+-i, 
and  g+5 — c  5  and  confequently  the  Lengths  of  Pendulums  will  be 
greateft  at  the  Equator  of  the  oblong  Spheroid,  becaufe  g+j — c  is 
the  greateft  Quantity. 

Lajilyy  To  compare  the  Lengths  of  Pendulums  at  the  -Equator  of 
the  oblong  Spheroid,  thus  found,  with  their  Lengths  at  the  Latitude  of 
Paris  upon  the  faid  Spheroid — Let  us  exprefs  the  Excefs  of  Gravity  at 
the  ^Equator,  whereby  it  is  greater  than  at  Paris  (becaufe  in  this  Fi- 
gure, Paris  is  farther  from  the  Center  of  the  Earth,  than  theiEqua- 
tor,  by  ,  f  o  Part)  by  the  Letter  j,  and  the  Excefs  of  the  Centrifugal 
Force  at  the  -Equator,  above  that  Part  of  it  which  a6ts  diredly  againft 
Gravity  dt  Paris^  by  I  \  nrl  Hj  the  Gravity  at  Paris  by  g,  and  the 
Centrifugal  Force  at  the  Equator  by  c ;  theng-+-j — c  will  llill  repre- 
fent  the  diminiflied  Gravity,  and  aniwer  to  the  Length  of  Pendulums 

at  the  -Equator,  whilft^ — c — l-^m-i-n  org — r+Z+w-h/i  reprefents 
the  diminiflied  Gravity,  and  confequently  the  Length  of  Pendulums  at 
Paris.  If  s  be  equal  to  l-h-m-^n,  Pendulums  will  be  as  long  at  the 
Equator  as  at  Paris ;  and  if  j  be  greater  than  l-t-m-h-rtj  Pendulums 
will  be  longer  at  the  Equator.  But  making  all  pofTible  Allowance, 
in  Favour  of  Monf.  Mairan*s  Hypothefis,  no  Calculation  will  bring 
l-+m+n  to  be  greater  than,  or  ever  equal  to  s.  Therefore  Monf. 
Af<w>ij»*s  Demonftrations,  abovementioned,  are  of  no  Force  to  prove 
the  Earth  to  be  an  oblong  Spheroid. 

And  now^  I  think ^  I  have  anfwered  all  that  relates  to  the  Figure  of  the 
Earth  in  Monf.  Mairan'j  Differ tation  \  in /hewing^  That  his  Couje5lures 
can  neither  be fupportedhj  thofe  Ph'jfual  Principles  which JSir  Ifaac  New- 
ton  has  Mathematically  deduced  from  unqueflioned  Obfervations  and  Ex- 
periments accurately  made  \  nor  even  by  thofe  Principles  which  M  Mai- 
ran  has  affumed  to  ferve  his  intended  Purpofe — That  his  Demonjl rations y 
relating  to  the  Difference  of  the  ASion  of  the  Centrifugal  Force^  are  of 
no  Service  to  him^  for  reconciling  the  Experiments  made  on  Pendulums^ 
with  Monf,  CaflTini^J  Meafures  ;  —  becaufe^  when  applied  to  Sir  Ifaac 
Ncwton*j  Principles^  they  will  make  Pendulums  longer  at  the  yEquator 
than  at  Paris,  and  when  applied  to  Monf  MairanV  own  Principles^  they 
will  make  them  a  whole  Inchfhorter  at  the  ALqualor  than  at  Paris,  con- 
trary to  all  Obfervations^  whicb^  at  a  Medium^  m^ike  Pendulums  but 
about  two  Lines  or  i\l%  of  an  Inch  longer  at.  the  ^"Equator  than  at  Pa- 
ris.— 
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ris. — "fhat  be  has  hutU  his  Demonjlrations  upon  a  wrong  Notion  of  Gra- 
*yf/y — Jnd  that  he  has  not  conftdered  what  is  mofi^  material  in  the  Effe£l  of 
the  Centrifugal  Force^  acting  on  Bodies  defcending  by  their  Gravity^  be- 
tween  the  JSquator  and  the  Poles^  namely^  the  Alteration  of  their  Line  of 
DireSlion^  which  would  make  them  fall  out  of  the  Perpendicular  towards^ 
the  ^Equator. 

I  Qiall  add  one  more  Philofophical  Argument,  given  me  by  a  Friend* 
to  whom  I  communicated  my  Thoughts  on  this  Sub^eft ;  becauie  it  is 
wholly  independent  on  thofe  Principles  of  Philofophy,  concerning 
which,  fome  of  the  Gentlemen  that  believe  the  oblong  fphcroidical 
Figure  of  the  Earth,  and  the  Englijh  Philofophers,  are  not  yet  a- 
greed  ;  and  it  is  this. 

If  the  Earth  was  of  an  oblong  fpheroidical  Figure,  higher  at  the  Poles 
than  the  /Equator  \  the  Axis  of  its  Revolution^  would  either  go  thro*  one 
of  its  fhort  Diameters y  or  be  continually  changing  unlefs  the  faid  Axis 
did  exa£fly  coincide  with  the  Axis  of  the  Figure. 
Dmonjlration.  Suppofe  fuch  an  oblong  Figure  as  A  ^  fixed  to  the  Axis  P/>  at  the 
Center  C,  but  capable  of  moving  freely  round  it  towards  P  or  towards 
fig- 195*  P»  y^^  ^^  ^  ^^  ^^  obliged  to  move  with  the  Axis,  when  it  is  turned 
round.  Suppofe  now  the  Poles  P  and  p  to  be  fixed,  and  the  Body, 
thus  conftituted,  to  be  turned  fwiftly  round  the  Axis  Pp;  then  if  the 
Angle.  ACP  be  oblique,  and  the  Figure  AD  ^  E  be  oblong,  the  Parts* 
AC  and  C  a  will  acquire  a  Centrifugal  Force,  which  will  enlarge  the 
Angle/)  C  A,  till  it  comes  to  be  a  right  one.  Bcfides  this,  a  Velocity 
will  be  generated  in  the  Motion,  while  A  is  going  towards  the  Per- 
pendicular a  C,  which  will  make  it  go  further  on  towards  P,  as  to  B, 
with  a  Motion  which  will  after  that  be  retarded,  till  the  Centrifugal 
Force  has  Strength  enough  to  fend  it  back  again  the  contrary  Way  ; 
and  fo  it  will  move  continually  with  a  reciprocal  Motion,  like  the  Of- 
cillation  of  a  Pendulum  j  and  if  a  little  of  this  Motion  be  loft  at  every 
Ofcillation,  then  the  oblong  Figure  AD<j  E  will  at  laft  move  quietly 
about  its  leffer  Axis  DE  coinciding  with  P  p. 

If  A2l  did  not  at  fir  ft  exaSlly  coincide  with  Pp,  the  Centrifugal  Force 
will  have  the  abovementioned  EffeEl  \  and  that  this  is  not  the  Cafe  in 
the  Earth  is  more  than  probable^  becaufe  the  unequal  Difiribution  of  Sea 
and  Land,  beftdes  the  Phsenomena  of  the  Tides  muft  make  the  Axis  of 
its  Gravity,  and  confequently  the  Axis  of  its  Revolution,  to  differ  from 
the  Axis  of  the  oblong  Spheroid^  if  the  Earth  had  fuch  a  Figure  ;  with- 
out confidering  that  every  Earthquake  would  alter  fo  nice  an  Equilibrium, 
which  once  lofl,  would  never  be  recovered  again. 

To  leave  nothing  unexamined,  relating  to  the  Controverfy,  I  have 
again  confidered  the  Mcafures  and  Obfervations,  mentioned  in  the 
Account  of  the  Meridian  drawn  thro'  France^  in  the  Memoirs  of 
the  Royal  Academy,  for  the  Year  1720  ;  and  I  find  them  to  want  a 
great  deal  of  the  Accuricy  required  in  fonice  a  Point,  as  determining 
the  different  Lengths  of  Degrees  upon  die  Surface  of  the  Earth.    To 

prove 
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prove  my  Affertion,  I  beg  that  the  Reader  will  examine  the  following 
Tables,  whereby  it  appears,  that  if  any  thing  certain  can  be  deduced 
from  the  faid  Obfervations  and  Meafures  (either  taken  as  they  are,  or 
reduced  to  the  Level  of  the  Sea,  by  the  Rules  given  by  Monf.  Cajini  *) 
it  will  be  in  Favour  of  Sir  I/aac  Newton^s  Figure  of  the  Earth,  rather 
than  theirs. 

In  the  following  Table,  the  firft  Column  gives  the  Names  of  Pla- 
ces ;  the  fecond,  the  Diftances  from  Paris^  according  to  the  Meafures 
taken  by  the  French  Gentlemen  ;  the  third,  the  Latitudes,  fuch  as  the 
meafured  Diftances  will  give  them,  fuppofing  the  Earth  fpherical ;  the 
fifth,  the  Differences  between  thefe  and  the  Latitudes  obfcrved,  ex- 
preffed  in  Seconds  of  a  Degree,  where  when  the  Latitude  computed, 
exceeds  the  Latitude  obferved,  the  Letter  N  ^North)  (hews  that  Dif- 
ference to  be  in  Favour  of  M.  Cafftnt'^  Figure,  and  the  contrary  Dif- 
ference marked  by  the  Letter  S  (South)  is  in  Favour  of  Sir  Ifaac 
Newton^s  Figure. 
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Names  of 

Diftances  from 

Latitudes 

Latitudes  in  a 

Differences 

Places. 

Paris  meafur'd. 

obferved. 

fpherical  Earth 
computed  from 
the  meafured 
Diftances. 

in  Seconds. 

I. 

II. 

III. 

IV. 

V. 

Toifes. 

Dunkirk. 

1^555^ 

51°  2'  25"^ 

SI**     2'     25'i 

.0* 

AtniensL 

60370 

49  53  48 

49     53     48 

0* 

Sourdoii. 

49970  J 

4.9  42  42 

49     42     52,1 

10,1  N 

Paris. 

48  50  10 

+8     50    20,3 

10,3  N 

Malvoifine 

18838 

48  30  47 

48     30    32»i 

14,9  s 

Voufon. 

67962 

+7  39   «7' 

47     38     53.^ 

23,4  s 

Bouiges. 

100192 

+7.   4.3» 

17    04    58,7 

27,7  N 

S.  Sauvier. 

139934 

46  23  24 

+6    23     12 

12,0  S 

Croc. 

169540 

4-5  51  43 

45     52      4.6 ' 

21,6  N 

Bort. 

196484 

45  23  27 

45     23     45,2 

18,2  N 

Aurillac. 

223606 

44  55   13 

44    55     »4.5 

1,5  N 

Rodes. 

256575 

+4  20  54 

44     20     35,1 

i9'9S 

Alby. 

280612 

43  55  32 

43     55     19 

i3,oS 

Carcafibne 

321430 

43   12  56 

43     12     24»5 

31.5S 

Collioure. 

360604 

42  31  »3f 

42     3*     13.8 

0. 

In  this  Table  it  is  to  be  obferved  that  there  is  an  equal  Number  of 
Differences  marked  N  and  S,  and  if  the  Differences  on  each  Side  be. 
added  together,  there  will  be  89^^,4  on  the  North  Side,  and  i  j  4^7  on 


^  Memoirs  for  the  Year  1780.  Vol  I.  P.  1.  Ch.  13. 
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the  South  :  This  hft  agrees  beft  with  Sir  Ifaac  Netvton's  Figure,  which 
niuft  be  fuppofed  for  the  Correftion  of  fo  great  a  Difference. 

In  the  next  Table,  the  firft  Column  gives  the  Names  of  Places  ;  the 
fecond,  the  Latitudes  obfcrved  ;  the  third,  the  Diftances  in  the  Meri- 
dian from  Paris^  reduced  to  the  Level  of  the  Sea  ;  the  fourth,  the 
Differences  of  the  fccond  Column  exprefs'd  in  Seconds  of  a  Degree  ; 
the  fifth,  the  Differences  of  the  Numbers  in  the  third  Column  ;  and 
the  fixth,  the  Meafure  of  a  Degree  by  the  fourth  and  fifth  Columns 
compared. 
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Names  of  Places. 

Dunkirk. 

ji** 

2' 

19 

Amiens. 

+9 

53 

56 

Clermont. 

49 

2-2 

57 

The  R.  Obfcrvatory. 

48 

50 

ID 

Voufon. 

+7 

39 

17 

flsr  S.  Sauvier. 

46 

23 

24 

Croc. 

+5 

5i 

43 

Borr. 

+5 

23 

46 

Aurillac. 

+4 

55 

»3 

Rodcs. 

44 

20 

53 

Alby. 

43 

55 

32 

Carcaflbne. 

43 

12 

55 

Collioure. 

42 

31 

13 

II. 


III. 


Foifes. 

12545^ 

6044^1 

3102! 

c 

67959 

'39237 

1^9539 
19648c 

'-5647^ 
i8o6i2 

J2I43C 


IV. 

V. 

VI. 

^conci 
)faDc 

■ 

jree. 

Toifes. 

Toifes. 

M03' 

55010 

57040 

'859 

'.9416 

^6965 

1967 

^1028 

56787 

1-253 

^7959 

57525 

<-553 

71978 

S6912 

1901 

29602 

;6o£8 

,677 

26941 

.-7834 

^7^3 

17136 

57028 

1060 

^2858 

,7422 

1521 

24138 

57131 

'-557 

4.08 1 8 

57468 

1502 

^9184 

56380 

In  this  Table  in  the  third  Column,  over-againft  St.  Sauvier,  the 
Number  which  was  139944  is  corrcfted  to  make  it  139937,  to  the 
Advantage  of  the  oblong  Figure,  In  the  fixth  Column,  the  Numbers 
appear  fo  irregular,  as  to  be  unfit  to  decide  this  Controverfy,  Then 
if  a  Comparifon  be  made  between  Dunkirk,  St.  Sauvier  (which  is  ve- 
ry near  the  Middle  of  France,  and  almoft  in  the  Meridian  of  Paris) 
and  Collioure^  the  Meafurcment  is  abfolutely  in  Favour  of  Sir  Ifaac 
Newton's  Theory  5  the  mean  Degree  between  Dunkirk  and  St.  Sauvier 
being  larger  by  about  64  Toifes,  than  between  St.  Sauvier  and  Colli- 
cure  ;  and  to  reduce  them  even  to  an  Equality,  there  muft  be  a  greater 
Alteration  made  in  the  Situation  of  thofe  three  Places,  than  it  is  rea- 
fonable  to  fuppofe  their  Obfervations  to  be  capable  of  admitting. 
Here  follows  the  Comparifon. 


Dunkirk 
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Dunkirk  and  CoUioure  "^  l''  57061 

Dunkirk  znA  Paris  [  I    56960 

Paris  and  CoUioure         }>  A  mean  Degree  is  }►  57097 
Dunkirk  and  5.  Sauvier  j  I    57090,4 

5  Sauvier  and  CoUioure j  '^  57026,5 

According  to  M.  Picard^       57060 

To  conclude,  I  will  propofe  a  Method  of  obferving  the  Figure 
of  the  Shadow  of  the  Earth  in  Lunar  Eclipfes,  whereby  the  Differ- 
ences between  the  Diameters  in  the  oblong  fpheroidical  Figure,  if  there 
be  fuch  an  one  as  M.  Caffini  affirms  (viz.  of  96  to  95;  may  be  dif- 
covered. 

Let  PiEP^  rcprefent  the  Earth,  feen  from  the  Sun  at  the  Time  of  Fig.  19^, 
the  Summer  Solftice  ;  it  is  evident,  that  the  fame  Figure  will  exprefs 
the  Seftion  of  the  Earth's  Shadow  at  the  Moon's  Diftance,  as  feen  from 
the  Earth.  If  EE  reprefcnts  the  Ecliptick,  M  JE  will  be  the  (hort- 
eft  Diameter  of  the  Scftion ;  and  if  L  L  be  taken  for  the  Moon's 
Way,  in  a  total  and  central  Eclipfe  of  the  Moon,  by  obferving  the 
Time  which  is  fpent  in  the  Paffage  of  the  Center  of  the  Moon,  thro' 
the  Shadow,  and  reducing  that  Time  to  Seconds  of  a  Degree  of  a  great 
Circle  of  the  Heavens,  we  fhall  have  the  leaft  Diameter  of  the  Sha- 
dow. 

Again,  let  the  fame  Letters  reprefent  the  fame  Things,  only  here  pig.  ,g-^ 
the  &£tion  of  the  Shadow  is  fuch,  as  the  Earth  will  caft  at  the  JEqai- 
nox,  and  the  Eclipfe  of  the  Moon  is  here  fuppofed  partial,  its  Center 
juft  touching  the  Shadow.  When  the  Moon's  Center  is  got  to  r,  if 
the  Latitude  of  its  Center  or  its  Diftance  from  the  Ecliptick  be  obferv^ 
cd,  wc  (hall  have  the  Length  cC  nearly  equal  to  the  longeft  Semi-dia- 
meter of  the  Shadow. 

Now,  comparing  r  C  in  this  Figure  to  LC  in  the  former  (the  Dif- 
ference between  c  C  and  CP  (Fig.  197O  and  between  CL  and  C^ 
(Fig.  196.)  not  being  worth  Notice)  they  ought  to  be  to  one  ano- 
ther, as  96  to  95,  which  in  fuch  a  Shadow  will  give  a  Difference  of 
about  25^  at  a  Medium,  fenfible  enough  to  be  obfcrved,  notwith- 
ftanding  the  Penumbra.  If  therefore  thofe  Aftronomers  who  have  In- 
ftruments  nice  enough,  and  fufficient  Skill  in  the  Management  of 
them,  to  take  Angles  to  3  or  ^Secondsof  a  Degree,  willoblcrve  whac 
I  have  been  mentioning  in  total  and  partial  Eclipfes  of  the  Moon  ;  by 
fuch  Obfcrvations  they  will  eafily  convince  us,  that  the  Figure  of  the 
Earth  is  fuch  as  Monf.  CaJ/ini  fuppofes  it,  or  convince  him  that  he  has 
been  miftaken. 

The  Semi-diameter  of  the  Earth* s  Shadow,  when  the  Earth  is  in  Peri- 
helio,  and  the  Moon  in  Apogaeo  is  38',  or  iiSo'j  without  conjidering 
the  Encreafe  of  the  Shadow,  on  account  of  the  Atmofphere  of  the  Earthy 
which  would  make  it  $g^  or  2340'''  (allowing  one  Second  for  a  Mile ;)  and 
the  Semi-diameter  of  the  Shadoiv,  when  the  Earth  is  in  Aphclio,  and 
the  Moon  in  Perigaeo  is  46',  20^  or  2780^,  which  encreafed  on  account 
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of  the  Atmofphere  of  the  Earthy  will  bring  it  to  47',  20^  or  2840^. 
Now  if  the  Proportion  of  ^5  to  ^6  he  taken  in  both  Cafes  you  will  have 

tbefe  Analogies.^  \f^\  \  ^^^%\;'^,%4}^o that  2364',6-234o'  ' 

=2 4^,6  will  be  the  Difference  of  the  Semi'diameters^  when  the  SeSlion 
of  the  Shadow  is  the  leaji,  and  2869^8~284o''=29'',8  will  be  the  Dif- 
ference of  Semi-dinineterSy  when  the  Se£lion  of  the  Shadow  is  the  great- 
eft  \  the  Sum  of  thofe  Differences  24^,6"+-29'^,8  halved^  will  give  the 
Difference^  when  the  SeUion  of  the  Shadow  is  at  a  Medium  =27^4  \from 
which  if  we  take  2'', 4  becaufe  in  Fig.  197.  Cc  is  a  little  lefs  thanCP^ 
and  in  Fig.  196.  LC  is  fometbing  greater  than  iEC,  wefljall  have  Cc  in 
Fig-  197.  to  compare  with  LC  in  Fig.  196.  which  will  exceed  it  by  25^^, 
if  Monf  Caffini'j  Figure  of  the  Earth  be  the  true  one. 

An  Expert'  4.  Upon  an  Axis  of  Iron,  that  could  be  made  to  turn  fwiftly  (by 
mnt  to  illuf-  nieans  of  a  Wheel,  whofc  String  went  round  a  Pulley  fixed  to  the 
V!nMnn^'  faid  Axis)  I  Qipped  on  two  Iron  H(X)ps,  whofe  Planes  interfered  at 
H^eforlgoTng  right  Angles,  reprefenting  two  Colurcs,  which,  being  of  a  fpring 
Papers,  by  the  Temper,  fprung  in  fuch  Manner  as  to  be  ^\  Part  longer  in  that  Dia-r 
fame  n.  389.  meter  that  coincided  with  the  Axis,  than  in  their  Equatorial  Diame- 
^^^'  ter  ;  this  Proportion  being  the  fame  that  M-  Caffini  fappofes  to  be  be- 

tween the  Axis  and  ^Equatorial  Diameter  of  the  Earth.  Two  circu- 
lar Platen,  to  which  the  fuid  Hoops  were  riveted,  had  fquare  Holes, 
thro*  which  the  Axis  pafi*d,  fo  that  the  two  Poles  of  the  oblong  Sphe- 
roid, which  the  Hoops  defcribe  in  their  Revolution,  might  approach 
together  in  fuch  Manner,  as  to  let  them  put  on  the  Form  of  a  true 
Sphere,  when,  by  the  Whirling,  the  ^Equatorial  Diameter  of  the 
Machine  fwelled  and  over-powcrcd  the  Elafticity  of  the  Hoops.  A 
greater  Degree  of  Swifcncfs  turned  the  Sphefe  into  an  oblate  Spheroid 
of  Sir  Ifaac  Newton's  Figure;  A  Velocity  ftill  greater  makes  the  Dif- 
proportion  of  the  Diameters,  fuch  as  thofe  of  Jupiter  ;  and  ftill  the 
-^Equatorial  Diameter  cncreafes  with  the  Centrifugal  Force. 

Another  Hoop  with  a  Catch,  reprefenting  the  -Equator,  (hews  (in 
tl^  Experiment^  tlie  Increafe  of  the  -Equatorial  Circumference,  and 
an  Index  applied  to  the  Frame,  fhews  the  Increafe  of  the  Diameter. 

'  A  Method  for  II.  Upon  perufing  the  Account  which  Dr.  Halley  has  given  in  the 

determining  Tranfo^ions^  N^  360,  of  that  extraordinary  Meteor  which  appeared 

tb'^lY^  '  ^li  over  £»^/tf;/rf,  March  19*  171  f.     1  obferve  one  very  great  Ufe 

tudfofPiacesy  ^^  fuggefts  might  be  made  of  thofe  momentaneous  Phcencmena^   in  de- 

fromtbeAp''  termining  the  Geographical  Longitude  of  Places,  if  we  could  but 

pearanctof  have  the  leaft  Notice  of  their  appearing,  £s?r. 

Falhng  Stars,  J  cannot  but  think,  that  fome  other  Meteors  which  are  very  frequent, 

iya^^^Effi  ^'*^*  ^^^^^^  taken  Notice  of,  might  fcrve  very  well  for  the  fame  Piirpoie. 

n.  400.  I  mean  thofe  which  are  vulgarly  called  Stars fljooting^  ov  fallings  being 

P-  3S"-  a  Sort  erf  natural  Sky-rockets  difcharged  at  a  very  great  Height,  asl 

cannot 
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cannot  but  imagine  from  this  Circumftance,  that  they  never  appear, 
any  of  them,  according  to  the  beft  of  my  Obfervation,  where  the 
Sky  is  cloudy  5  and  therefore,  in  all  Probability,  their  Explofion  is  in 
the  Regions  far  above  the  Clouds,  and  they  themfelves  of  the  Himc 
Nature  with  (tho*  perhaps  Icfs,  and  much  lower  than)  that  great  Me- 
teor above-mentioned,  whofe  Height  Dr.  Hallej  computes  to  have  been 
above  60  Geographical  Miles,  viz.  much  above  the  reputed  Limits 
of  our  Atmofphcre.  But  fuppofing  thefe  I  mention  to  be  difcharged 
only  at  20  or  30  Miles  high,  they  may  be  feen  by  different  Obfcr- 
vers  at  the  fame  Moment  ot  abfolute  Time,  in  very  diftant  Places 
from  one  another,  which  is  the  Thing  required.  For,  if  in  any  two 
Places,  as  jhe  Doftor  takes  Notice,  any  two  Obfervers,  by  Help  of 
Pendulum  Clocks  duly  correded  by  celeftial  Obfervations,  doexadtly 
note  at  what  Hour,  Minute,  and  Second,  fuch  a  Meteor  is  difcharg- 
ed, the  Difference  of  thofe  Times  will  be  the  Difference  of  Longitude 
of  the  two  Places ;  nor  does  it  require  fo  much  astheUfeof  a  Tele- 
fcope,  as  in  the  Methods  hitherto  put  in  Praftice  for  that  Purpofe. 
Now  thefe  natural  Rockets  I  have  found  to  be  very  frequent  in  every 
Star-light  Night ;  but  efpecially  after  a  ftormy  Day,  or  in  a  ftormy 
Night.  If,  therefore,  Perfons  who  are  prepared,  as  above,  to  be  ex- 
aft  in  their  Time,  and  alfo  have  a  moderate  Knowledge  of  the  fevcral 
Conftellations,  fo  as  to  defcribe  the  Track  of  any  of  thofe  Meteors  a- 
mongft  the  Stars,  would  but  beftow  any  determinate  Hour  to  be  agreed 
amongft  them,  as  for  Inftance,  from  8  to  9  each  fuch  Night,  to 
watch  and  obferve  their  Explofions,  noting  down  immediately  the 
Time  and  Track  of  them,  it  would  be  eafy  to  determine,  upon  com- 
paring their  Obfervations,  which  of  thefe  Explofions  each  pf  them 
fee  at  the  fame  Time ;  and  thereby  the  Difference  in  Longitude  of  thofe 
Places  would  be  exadHy  had,  as  above.  It  would  however  be  worth 
the  while,  this  Way  to  try  whether  fuch  common  Meteors  are  difcharg- 
ed, at  any  confiderable  Height  above  the  Clouds,  and  how  far,  and 
whether  they  differ  much  from  one  another  in  their  Heights. 

III.  It  is  now  above  twenty  Years  fincc  I  added  an  Appendix  to  the  APropofaUfs 
fecond  Edition  of  Mr.  Street's  Caroline  tables y  containing  a  Set  of  Ob-  ^^^l^odfor 
fervations  I  had  made  in  the  Years  1683  and  1684,  for  akertaining  th^  Longftu^^  m 
Moon^s  Motion  ;  and  giving  a  Specimen  of  what  I  thought,  at  that  ^c^zoitbina 
Time,  might  be  the  only  prafticable  Method  of  attaining  the  Longi-  Degree,  or 
tude  at  Sea.     What  I  printed  fo  long  ago,  is  as  follows  :  ^Tv^a^^^T' 

^  The  Advantages  of  the  Art  of  finding  the  Longitude  at  Sea,  are  rfaifcyX  L.D 

*  too  evident  to  need  any  Arguments  to  prove  them.     And  having  by  v.  P.  R.  S. 

*  my  own  Experience  found  the  Imprafticability  of  all  other  Methods  n.421.  p.  185. 

*  propofed  for  that  Purpofe,  but  that  derived  from  a  perfedl  Know- 

*  ledge  of  the  Moon's  Motion  i  I  was  ambitious,  ifpoffible,  to  over- 

*  come  the  Difficulties  that  attend  the  Difcovery  thereof. 
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*  And  firft,  I  had  found  ic  only  needed  a  little  Praftice  t^  be'  able  to 
manage  a  five  or  fix  Foot  Telefcope,  capable  of  fhewing  the  Appulf- 
es  or  Occultations  of  the  Fixed  Stars  by  the  Moon,  on  Ship-board, 
in  moderate  Weather;  efpecially  in  the  firft  and  laft  ^<arUrs  of  the 
Moon^s  Age^  when  her  weaker  Light  does  not  fo  much  efface  that  of 
the  Stars,  Whereas  the  Eclipfes  of  the  Satellites  of  Jupiter^  how 
proper  foever  for  Getigrapbicd  Purpofes,  were  abfolutely  unfit  at  Sea« 
as  requiring  Telefcopes  of  a  greater  Length  than  can  well  be  dired- 
ed  in  the  rolling  Motion  of  a  Ship  in  the  Ocean. 

*  Now  the  Motion  of  the  Moon  being  fo  fwifr,  as  to  afibrd  us  fcarce 
ever  lefs  than  two  Minutes  for  each  Degree  of  Longitude,  and  fome- 
times  two  and  a  half;  it  is  evident,  that  were  we  able  perfectly  to 
predift  the  true  Time  of  the  Appulfe  or  Occultation  of  a  Fix*d  Star, 
m  any  known  Meridian,  we  might,  by  comparing  therewith  the 
Time  obferve;d  on  Board  a  Ship  at  Sea,  conclude  fafely  how  much  the 
Ship  is  to  the  Eaftward  or  Wcftward  of  the  Meridian  of  our  Calcu* 
lus. 

*  But  after  much  Examination,  and  carefully  collating  the  Caroline 
Tables  of  Mr.  T.  Street  Cthough  generally  better  than  thofc  that 
went  before  him^  as  likcwife  thofe  of  T'jcboj  Kepler^  Bulliddus^ 
and  our  Horrox^  with  many  accurate  Obfervations  of  the  Mqon^ 
carefully  made  on  Land ;  it  does  not  appear  that  any  of  thefe  Ta- 
bles do  reprefent  the  Motions  with  the  Certainty  required  ;  and  tho* 
many  times  the  Agreement  feems  furprizing,  when  the  Errors  of  the 
feveral  Equations  compenfate  one  another ;  yet  in  thofe  Parts  of  the 
Orb  where  they  all  fall  the  fame  Way,  the  Fault  is  intolerable,  and 
the  Refult  many  times  not  to  be  depended  on,  to  more  than  one 
hundred  Leagues  ;  that  is  to  fay,  it  is  wholly  infufficient. 

«  Yet  ftill  this  Fault  is  yfr/i/?w,  not  Artis:  For  obferving  the  Pe^ 
riod  of  the  Lunar  Inequalities^  which  is  performed  in  eighteen  Years 
and  eleven  Days,  or  two  hundred  and  twenty-three  Lunations  ;  it  i$ 
found  that  the  Returns  of  the  Eclipfes,  and  other  Phsenomena  of 
the  Moon's  Motion,  are  very  r^ularly  performed  ;  lb  that  what- 
ever Error  you  found  in  a  former  Period,  the  fame  is  again  repeated 
in  a  fecond,  under  the  like  Circumftances  of  the  fame  Diftance  of 
the  Moon  from  the  Sun  and  Apogeeon. 

*  Thus,  from  the  Obfervation  made  of  the  Eclipfe  of  the  Sun, 
which  was  June  ii^  1666,  in  the  Morning,  feen  zi  London  ^nd 
Dantzick^  I  was  enabled  to  predict,  with  great  Certainty,  that  o- 
ther,  which  I  obferved  7«/y  2,  1684,  by  allowing  the  fame  Error 
I  found  in  the  Calculus  of  the  former.  And  the  like  with  equal 
Certainty  will  do,  in  the  Cafes  extra  SyzygiaSj  when  the  Mean  and 
Synodical  Anomalies  are  nearly  the  fame,  about  the  fame  Time  of 
the  Year. 

*  Being  thus  aflured,  from  the  Certainty  of  thefe  Revolutions,  that 
all  the  intermediate  Errors  of  our  Tables  were  not  uncertain  Wand- 

•  rings, 
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*  rings,  but  regular  Faults  of  the  Theories  ;  I  next  thought  how  I 

*  might  beft  be  informed  of  the  Quantity  and  Places  of  thefc  Efefefts : 
'  That  being  apprized  how  much,  and  which  Way  my  Numbers  erred, 
^  I  might  apply  the  Difference,  fo  as  at  all  times  to  reprefent  the  true 

*  Motion  of  the  Moon.     Nor  was  there  any  other  Way,  but  from  the 

*  Heavens  thcmfelves,  to  derive  this  Correftion,  by  a  fedulous  and 

*  continued  Series  of  Obfervaiiom^  to  be  collated  with  the  Calculus,  and 

*  the  Errors  noted  in  an  Abacus :  From  whence,  at  all  Times,  under 

*  the  like  Situation  of  the  Sun  and  Moon^  I  might  take  out^he  Cor- 
«  rcftion  to  be  allowed. 

*  And  having  by  me  the  Sextant  I  made  to  obferve  the  Southern  Stars 

*  at  St.  Helena^  in  the  Year  1677,  I  fixed  it  for  this  Purpofc ;  refolv- 

*  ing  to  have  continued  to  obferve,  till  I  had  filled  my  Abacus^  fo  as  it 

*  might  have  the  Effed  of  exaft  Lunar  Tables,  capable  to  ferve  at  Sea, 

*  for  finding  the  Longitude  with  the  defired  Certainty. 

*  With  this  Defign,  I  applied  the  Leifure  I  had  procured  myfelf  a- 

*  bout  the  Year  1683,  to  obferve  diligently,  as  often  as  the  Heavens 

*  would  permit,  the  true  Place  of  the  Moon,  efpecially  as  to  Longi- 

*  tude  5  and  in  the  Space  of  about  fixteen  Months  I  had  gotten  near 

*  two  hundred  feveral  Days  Obfervations,  moft  of  which  I  collated 

*  with  the  Horroxian  TJ^^ry^(whofe  Calculus  is  fomething  more  com- 
«  pendious  than  that  of  Mr.  Street)  and  having  placed  the  Errors  in  an 

*  Abacus^  I  perceived  how  regular  the  Irregularities  were,  and  that 

*  where  the  Moon  had  been  exaftly  obferved  formerly,  at  the  Diftance 

*  of  one  or  more  Periods  of  two  hundred  twenty  three  Months,  I 

*  could  even  prcdift  the  Error  of  the  Tables^  with  a  Certainty  not 

*  much  inferior  to  that  of  the  Obfervations  themfelves.     But  this  De* 

*  fign  of  mine  was  foon  interrupted  by  unforefeen  domeftick  Occafions^ 

*  which  obliged  me  to  poftpone  all  other  Confiderations  to  that  of  the 

*  Defence  ofmy  Patrimony :  And,  fince  then,  my  frequent  Avocati- 
«  ons  have  not  permitted  me  to  re-affume  thefe  Thoughts. 

*  In  the  mean  time  I  have  taken  Care  to  prefent  my  Obfervations, 

*  fuch  as  they  are,  to  the  Publick,  in  order  to  preferve  them ;  affur- 

*  ing,  that  as  on  the  one  Hand  they  were  made  with  a  very  fufficient 

*  Tnfirumenty  with  all  the  Care  and  Diligence  requifite  •,  fo  in  the  re- 
«  mote  Voyages  I  have  fince  taken  to  afcertain  the  Magnetick  Variati* 

*  ons,  they  have  been  of  fignal  Ufe  to  me,  in  determining  the  Longi- 

*  tude  of  my  Sbip^  as  often  as  I  could  get  Sight  of  a  near  Tranftt  of 

*  the  Moon  by  a  known  Ftxed  Star:  And  thereby  I  have  frequently 

*  correded  my  Journal  from  thofe  Errors  which  are  unavoidable  in  long 

*  Sea-Reckoning$. 

*  If  therefore  you  happen  at  Sea  to  obferve  nicely  the  Time  of  an 

*  Occultation  or  clofe  Application  of  a  Star  to  the  Moon  \  and  can  find 

*  a  correfpoadent  Obfcrvation,  about  the  fame  mean  Anomaly  and  Dif- 

*  tance  of  the  Moon  from  the  Sun  (either  among  thefe  of  mine,  or  in 

*  any  other  Colleftion  of  Obfervations  accurately  made)  efpecially  near 

'the 
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*  the  fame  Time  of  the  Year ;   and,  above  all,  after  the  aforefaij 

*  Period  oi  eighteen  Years  and  eleven  Days,  you  may,  without  fenfi- 

<  ble  Error,  from  thence  pronounce  in  what  Meridian  your  Ship  is  ; 

<  taking  Care  in  fooperofe  a  Calculation,  to  commit  no  Miftake ;  and, 
'  notwithftanding  the  Diredtion  the  Moon  gives  you,  not  confiding 

*  fo  much  therein  as  to-omit  any  of  the  ufual  Precautions  to  preferve 

*  a  Ship  when  flie  approaches  the  Land. 

'  I  had  intended  to  infift  more  largely  upon  this  Method  of  obtain- 

*  ing  the  Moon's  Place^  and,  by  Confequence,  the  Longitude  at  Sea^ 

*  but  that  I  find,  that  it  requires  a  juft  Treatife,  too  long  to  be  here 

*  fubjoined:  And,  more  cfpecially,  that  the  great  Sir  Jfaac  Newton 

<  (to  whom  no  Mathematical  Difficulty  is  infuperable)  has  been  plcaf- 

*  ed  to  give  us  a  ^rue  and  Phjftcal  Theory  of  the  Moon^s  Motions, 

*  whereby  the  Defects  of  all  {ormtx  Tables  are  fo  far  amended,  that  it 

*  is  hoped  the  Error  may  fcarce  ever  exceed  three  Minutes  of  Motion, 

*  or  fo  little  in  Longitude^  that,  perhaps,  it  may  be  thought  a  fuffici- 

*  ent  Exaftnefs  for  all  the  Ufes  oi  Navigation.     If  therefore  what  is  here 

*  offered  find  a  kind  Acceptance  from  thofe  that  it  chiefly  concerns,  1 

*  fhall  be  encouraged  to  proceed  on  a  Work  I  have  long  meditated, 

*  to  improve  the  abovementioned  Period,  as  to  the  abbreviating  the 

*  Computation  of  Eclipfes^  and,  in  general,  to  facilitate  the  too  labo- 

*  rious  Calculation  of  the  Mo^n*s  Place  extra  Syzygias. 

Not  long  atter  her  late  Majefty  Queen  jinne  was  pleas'd  to  beftow  up- 
on the  Publick,  an  Edition  of  the  much  greater,  and  mod  valuable 
Part  of  Mr.  Flamjleed^s  Obfervations ;  by  Help  of  which  the  great 
Sir  Ifaac  Newton  had  formed  his  curious  Theory  of  the  Moon^  a  firft 
Sketch  of  which  was  inferted  by  Dr.  David  Gregory  in  his  AJironomia 
Phyfic/s  Gf  Geometricea  Elemental  publiflied  at  Oxfordy  1702  -,  and  a- 
gain,  in  the  fecond  Edition  of  Sir  J/aac^s  Principta,  which  came  out  in 
17  y,  we  have  the  fame  rcvifed  and  amended  by  himfelf,  to  that  De- 
gree of  Exaftnefs,  that  the  Faults  of  the  Computus  formed  therefrom 
rarely  exceed  a  quarter  Part  of  what  is  found  in  the  belt  Lunar  Tables 
before  that  Time  extant. 

'  Being  thus  provided  with  proper  Materials,  viz.  a  large  Set  of 
Obfervations,  and  a  2lb(f^ry  of  the  Aii?ri<7«jfo  very  near  the  Truth,  I 
refumed  my  former  Defign  of  filling  up  my  Abacus  or  Synopfrs  of  the 
Defefts  of  this  Lunar  Theory ^  and  made  Tables  to  expedite  the  Cal- 
culus according  thereto,  and  compared  the  Numbers  thereof  with  ma* 
ny  of  the  moit  certain  of  Mr.  Flamjleed's  Places  obferved*  By  this  it 
was  evident  that  Sir  Ifaac  had  fpared  no  Part  of  that  Sagacity  and  In- 
duftry  fo  peculiar  to  himfelf,  in  fettling  the  Epoches^  and  other  £- 
lements  of  the  Lunar  Aftronomy^  theRefult  many  Times,  for  whole 
Months  together,  rarely  differing  two  Minutes  of  Motion  from  the 
Obfervations  themfelves ;  nor  is  it  unlikely  but  good  Part  of  that 
Difference  may  have  been  the  Fault  of  the  Obfcrver.  And  where  the 
Errors  were  found  greater,  it  was  in  thofe  Parts  of  the  Lunar  Orb 

where 
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where  Mr,  FlamjieedhaA  very  rarely  given  himfelf  the  Trouble  of  ob- 
ferving  \  viz-  in  the  third  and  fourth  Quarter  of  the  Moon*s  Age, 
where  fometimes  thefc  Differences  would  amount  to  at  leaft  five  Mi- 
nutes. 

Mr.  Flatnfleed  was  long  enough  pofleffed  of  the  Roy^l  Obfervatorj 
to  have  had  a  continued  Scries  of  Obfervations  for  more  than  two  Pe- 
riods of  eighteen  Years  •,  by  which  he  had  it  in  his  Power  to  have  done 
all  that  could  be  expefted  from  Obfervation,  towards  difcovering  the 
Law  of  the  Lunar  Motion*  But  he  contented  himfelf  with  fparfe  Ob- 
fervations, leaving  wide  Gaps  between,  fo  as  to  omit  frequently  whole 
Months  together  •,  and  in  one  Cafe  the  whole  Year  1 7 1 6.  So  that  not- 
withftanding  what  he  has  left  us  mull  be  acknowledged  more  than  e- 
qual  to  all  that  was  done  before  him,  both  as  to  the  Number  and  Ac- 
curacy of  his  Accounts ;  yet  for  want  of  an  uninterrupted  Succefljon 
of  them,  they  are  not  capable  of  difcovering,  in  the  feveral  Situations 
of  the  Lunar  Orhit^  what  Correftions  are  neceffary  to  be  allowed,  to 
fupply  the  Deficiencies  of  our  Computus. 

On  Mr.  Flamfieed*%  Deceafe,  about  the  Beginning  of  the  Year  1720, 
his  late  Majefty  King  George  I.  was  gracioufly  pleafed  to  beftow  upon 
me  the  agreeable  Poft  o\  his  4Jlronomical  Obferver^  exprefly  com* 
manding  me  to  apply  myfelf  with  the  utmoft  Care  and  Diligence  to  the 
re^ifying  the  Tables  of  the  Motions  of  the  Heavens,  and  the  Places  of 
the  Fixed  Stars y  in  order  to  find  out  the  fo  much  defired  Longitude  at  Sea^ 
for  the  perfeHing  the  Art  of  Navigation.  Thefe  are  the  Words  of  my 
Comm\ffion ;  and  here  I  might  have  thought  myfelf  in  a  Condition  to 
put  in  Execution  my  long  projefted  Defign  of  compleating  my  Aba^ 
cus,  or  Table  of  the  Dfefefts  of  our  Lunar  Numbers  ;  but  on  taking 
Poffcffion,  I  found  the  Obfervatory  wholly  unprovided  of  InJlrumentSy 
and  indeed  of  every  thing  elfc  that  was  moveable,  which  poftponed 
my  Endeavours  till  fuch  Time  as  I  could  f  urnilh  myfelf  with  an  Aj>pa- 
ratus  capable  of  the  Exaftnefe  requifite.  And  this  was  the  more  grie- 
vous to  me,  on  account  of  my  advanced  Age,  being  then  in  my  fix- 
ty  fourth  Year,  which  put  me  paft  all  Hopes  of  ever  living  to  fee  a 
compleat  Period  of  eighteen  Years  Obfervation. 

But,  Thanks  to  God,  he  has  been  pleafed  hitherto  to  afford  me 
i^fficient  Health  and  Vigour  to  execute  my  Office  in  all  its  Parts  with 
my  own  Hands  and  Ejes,  without  any  Affiftance  or  Interruption, 
during  one  w^hole  Period  of  the  Moon's  Apogee ;  which  Period  is  per- 
formed in  fomcwhat  lefs  than  nine  Years.  In  this  Time  I  have  been  a- 
ble  to  obfcrve  the  Right  Afcenfton  of  the  Moon  at  her  Tranftt  over  the 
Meridian y  near  fifteen  hundred  times  (and  with  an  Exaftnefs,  I  am 
bold  to  fay,  preferable  to  any  thing  done  before)  a  Number  not  left 
than  thofeof  xhtnoHtTycboBrahcy  Hevelius^nA  Flamflcedy  taken  in 
one  Sum,  there  being  near  four  of  my  Lunar  Obfervations  for  each 
D.^gree  of  the  Zodiack,  as  ahb  for  each  Degree  of  the  Argumentum  an- 
nuiim^  or  Diftance  of  the  Sun  from  the  Moon*z  Apogee.     And  that 

thcfc 
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thefc  might  be  duly  applied  to  reftify  the  Dcfe£ls  of  our  Computatu 
onsy  I  have  myfelf  compared  with  the  aforementioned  Tables,  made 
according  to  Sir  Ifaac^s  Principles,  not  only  my  own  Obfenrations, 
but  alfo  a#ove  eight  hundred  of  Mr.  Flamfteed's. 

This  Comparifon  of  my  own  Obfervattons  (from  the  Time  I  efteem 
them  compleat)  with  the  Computus  by  the  faid  Tables,  being  now 
continued  for  above  nine  Years,  I  defi^  fpeedily  to  communicate  it 
to  the  Publick,  tc^ether  with  the  Tables  themfelvcs,  which  have 
been  printed,  and  fhould  long  fince  have  been  pubiifhed,  had  not  my 
Poft  at  Greenwich  given  me  an  Opportunity  to  examine,  with  proper 
Nicety,  in  what  Parts  of  the  Lunar  Or b^  and  how  much,  our  Num- 
bers erred.  So  ufefiil  an  Addition  as  this,  it  is  hoped  may  fully  an- 
fwer  the  long  delayed  ExpeAation  fome  Perfbns  may  have  had  of  fee- 
ing the  faid  Tables  fooner.  By  Means  thereof,  thofe  that  are  qualifi- 
ed may,  if  they  pleale,  examine  by  their  own  Obfervation  the  Trutli 
of  what  is  here  aflertcd. 

Comparing  likewife  many  of  the  moft  accurate  of  Mr.  Flamfieedf 
made  eighteen  or  thirty  fix  Years  before  (that  is  one  or  two  Periods  be- 
fore mine)  with  thofe  of  mine  which  tallied  with  them,  I  had  the  Sa- 
tisfaiftion  to  find  that  what  I  hadpropofed  in  1 710  was  fully  verified  ; 
and  that  the  £rrors  of  the  Calculus  in  1690  and  1708,  for  Example, 
differed  infenfibly  from  what  I  found  m  the  like  Situation  of  the  Sun  and 
Apogee,  in  the  Year  1726.  The  great  Agreement  of  the  Theory 
with  the  Heavens  compenfating  the  Differences  that  might  otherwife 
arife  from  the  Incommenfurability  and  Excentricity  of  the  Motions 
of  the  Sun,  Moon  and  Apogee. 

Encouraged  by  this  Event,  I  next  examined  what  Differences  might 
arife  from  the  Period  of  nine  Years  wanting  nine  Days,  in  which 
Time  there  are  performed  very  nearly  one  hundred  and  eleven  Lunati' 
4fnSj  or  Returns  of  the  Moon  to  the  Sun  ;  but  the  Return  of  the  Sun  to 
the  Apogee  in  that  Time  differing  above  four  times  as  much  from  an 
exa)ft  Revolution  as  in  the  Period  of  eighteen  Years,  I  could  notexpeft 
jthc  like  Agreement  in  that.  However,  having  now  entered  upon  the 
tenth  Year,  I  compared  what  I  had  obferved  in  the  Years  1721  and 
•1722,  with  my  late  Obfcrvations  of  1730  and  1731,  and  have  rarely 
found  a  Difference  of  more  than  one  (ingle  Minute  of  Motion  (Part  of 
which  may  probably  arife  from  the  finall  Uncertainty  that  always  at- 
tends Aflronomical  Obfervation)  but  moft  commonly  this  Difference 
was  wholly  infenfibie  ;  fo  that  by  the  Help  of  what  I  obferved  in  1722, 
I  prefume  I  am  able  to  compute  the  true  Place  of  the  Moon  with  Cer- 
tainty, within  the  Compafs  of  two  Minutes  of  her  Motion,  during 
this  prefent  Year  173 1,  and  fo  for  the  future.  This  is  the  Exaftnels 
requifite  to  determine  the  Longitude  at  Sea  to  twenty  Leagues  under 
.the  Equator,  and  to  lefs  than  fifteen  Leagues  in  the  Britijh  Channel. 

It  remains  therefore  tp  confider  after  what  Manner  ObfervatioDs  of 
ihe  Moon  may  be  made  at  Sea  with  the  fame  Degree  of  Exactnefs : 

But 
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•But  fince  our  worthy  Vice-Prefidcnt  John  Hadlej^  Efq;  ^to  whom  we 
are  highly  obliged  for  his  having  perfeftecl  and  brought  into  common 
Ufe  the  RefleHing  ^elefcope)  has  been  pleafed  to  communicate  his  moft 
ingenious  Invention  of  an  Inftrument  for  taking  the  Angles  with  gre.it 
Certainty  by  Refleftion  [Vid.  ^ranfaSl.  N^  420  )  it  is  more  than  pro- 
bable that  the  fame  may  be  applied  to  taking  Angles  at  Sea  with  the  de- 
fired  Accuracy. 

IV.  1. 1  have  as  Occafion  offered,  made  it  my  Bufinefs  to  coUeft  The  Unxituie 
fuch  Celeftial  Obfervatiohs  as  might   be  of   Ufe  to  determine  the  c*^  Buenos 
Longitudes  of  Places  on  the  Sea-coaft  of  the  World  j  in  order  to  get  ^'/^s,  ^'''''- 
as  near  as  poffible  the  Out-line,  or  true  Figure  of  the  Earth,  with-  o7/lrvatUn  ''* 
out  which  our  Geography  of  the  Inlands  mufl  necefTarily  be  very  in-  riade  there  By 
fufficient.     The  Memoirs  of  the  Royal  Academy  of  Paris^  afford  a  P^rc  Fcuillec. 
good  Number  of  Obfervations  of  this  Kind,  and  among  the  reft,  ^^  *^J  f^^*^- 
there  is  one  made  at  Buenos  ylires  on  the  River  of  Plate^  in  the  South      370/-364- 
America,  by  PereFeuiUee  in  his  Voyage  to  Peru:  Who,  in  the  Me- 
'  moirs  for  the  Year  171 1,  is  faid  to  have  obferved  at  that  Place  on  the 
-  19th  of  j4uffiji^  1 708,  the  Immerfion  of  the  Star  in  the  Southern  Foot 
of  Virgo  (marked  by  jB^y^r  with  X)  behind  the  obfcure  Limb  of  the 
Moon.    Being  defirous  to  fee  what  Longitude  might  be  deduced  from 
this  Obfervation,  I  foon  found  that  there  was  a  Fault  in  the  Day,  and 
likewife  in  the  Star ;  for  that  K  of  Virgo  was  then  nearly  in  3  Degrees 
of  Scorpio^  and  the  Moon  would  not  be  there  till  the  next  Day,  Mon^ 
day  the  20th  of  Auguji  ;  and  the  Latitude  of  X  being  about  half  a  De- 
gree North,  the  Moon  at  that  Longitude  would  be  about  3  Degrees 
more  Southern  than  the  Star,  and  confequently  far  from  Eclipfing  it ; 
for  that  at  that  Time  the  defending  Node  was  in  the  very  Beginning  of 
Libra.    Hence  I  concluded  it  muft  be  fome  other  Star,  that  Pere  Feu- 
illee  obferved  Eclipfed  by  the  Moon :  The  Day  was  certainly  the  20th 
and  not  the  19th  of  Auguft^  as  was  evident  by  the  Place  of  the  Moon  ; 
but  as  to  the  Stslr,  it  was  neither  in  the  Tycbonick  Catalogue,  not  yet  in 
that  more  copious  Fr/V//2>  Catalogue  of  Mr.  Flamfieed\  but  turning 
over  that  of  Hevelius,  1  found  a  Star  whofe  Situation  agreed  well  with 
the  Obfervation,  and  was  undoubtedly  the  Scar  that  was  fcen  to  irti- 
merge  behind  the  Moon  :  The  Place  Mr.  Hevelius  give^  it,  allowing 
the  Preccflion  of  the  Equinox,  was  then  wi  i©  ^&\  with  South  Lab- 
tude  2^  si'\.     It  remained  then  for  me  to  be  aflured  of  the  Place  pt 
this  Star,  and  accordingly  on  the  21ft  and  24th  of  December  laft,'  I 
got  fuch  Obfervations  by  Help  of  the  circumjacent  Stars,  that  I  was 
aifured  the  Place  of  theStar  (which  is  a  fair  Star,  of  the  5th  Magni- 
tude) was  at  that  time,   "i  lO  58'  4.0"  with  South  Latitude  2^  54'j, 
being  above  2'  in  Longitude,  and  3'  in  Latitude,  more  than  Hevelius 
gives  it.    The  Hour  of  this  Occultation  is  fet  down  precifely,  7^*5' 
38^  at  Buenos  Aires^  the  Latitude  of  the  Place  being  34®  3 5' South. 
Whence  the  Altitude  of  the  Moon  there  was  then  42^  48',  and  the 

G  g  g  Parollaftick 


^o8  Longitude  ^  Cartliagfena* 

Parallaftick  Angle  76^  38',  and  the  Paralkx'm-L0ngio3de4O'.ir^:to 
rhe  Weft,  and  in  Latitude  9'  o;-]"  to  the  North.  So  the  Moon*s  ob- 
ferved  Place  corrcfted  by  Parallax  was  ^1  2^  28'  4^^  with  South  Lati- 
tude 2*^  52'i.  To  this  Place,  by  the  Calculus  of  thofe  Numbers  I 
have  fitted  to  our  Prefident's  Theory  of  the  Moon  fbut  which  would 
be  improper  and  too  long  to  be  here  recitedj.  the  Moon  will  be  found 
to  have  arrived  Atigujl  the  /^  at  10^  57'  36^  apparent  Time  at  London. 
But  at  Buenos  Aires  it  was  then  computed  but  7*^  5*38^  whence  the 
Difference  of  Longitude  rcfulting  from  this  Obfervation  is  3^  52'or  5  J 
psgrees,  by  how  much  Buenos  Aires  is  more  Wetter ly  th^n  London. 
I  have  twice  repeated  the  Calculation  to  be  fure  to  avoid  Error,  and  by 
comparing  my  Chart  of  the  Variation  with  the  Longitude  thus  found, 
it  appears  that  in  this  Cafe  a  Ship  at  Sea  ufmg  thofe  Tables  and  that 
Chart,  would  by  an  Obfervation  of  this  Occultation  have  fallen  with 
greater  Exaftnefs  on  the  Coaft  of  America^  than  by  any  Reckoning 
can  be  pretended  to  be  done. 

ne  L9ngitude  2.  Having  lately,  by  the  Favour  of  Sir  Hims  Sloane,  received  a 
oj  Carihagcna  Packet  of  Obfervations  from  Cartagene  in  America^  made  by  Colo- 
in  Adicrica.  ^^^j  jj^^  y^^^  j^  Herrera^  Chief  Engineer  of  that  City,  I  find  among 
^oJj^^^.  them  one  Immerfion  of  the  firft  SatelUte  of  Jupiter  into  hisShadow> 
237.  obfcrved  there  by  a  Telefcope  of  1 7  i  Feet j  on  April  9.  ^ttlo  vH.  1722. 

at  15)&.  58' 44^  apparent  Time;  and  two  Emerfions  of  the  fame, 
nA%.  July  S\  1 1  ^-  23'  /^\" diwdjulyai,  9  h.  42'  l^^  SUl.vet.  all  which 
tally  with  Obfervations  made  at  Pf^anjied^  by  tfce  Reverend  Dr.  P^ttnd 
and  Mr.  Bradley ^  who  obferved  there  the  very  next  Eclipfes  to  all  tke 
three ;  that  is  to  fay,  the  Immerfion  by  a  fifteen  Foot  Tube^  on 
April  II.  15  b.  28'  40'''  Temp.  aqu.  or  15  b.  30'  25^  T^mp.'app.  And  chc 
firft  Emerfion,  July  7.  10  b.  59'  28'^  Teptp.  aq.  by  the  Reflefter,  and 
18^  after,  or  10b.  59' 46^' by  the  15  FootGlafs,  that  is,  ioi&.  5412*' 
apparent  Time.     The  other  was  obferved  at  fFanfted^  July  23.  ^b. 
19. 10^  Temp.  isq.  both  by  the  Reflefter  and  15  Foot  Glafi  \  that  is  to 
fay,  at  9  i&.  1 3'  ^^^  apparent  Time.     Subftraft  from  each  of  thefe  one 
Period  of  this  Satellite,  or  1  d.  18  ^.28/  36^  and  Aprilg.  15  b.  58' 44* 
at  Cartagene  will  be  2 1  -&.  T  49^  of  the  fame  Day  at  fVanJied^  and  the 
Difference  of  Meridians  5b,  3'  s'^.     Likewife  by  the  firfl  Emerfion, 
July  5.  1 1  A.  23'  41'''  at  CartageneyViSiS  at  H^anjled  16  b.  25'  36''  of  that 
Day,  whence  the  Difference  of  Meridians  5  A.  i'55^.     But  by  the 
laft  Emerfion,  July  21.  9  /&.  42'  17^  at  Cartagene  was  14  b.  44*59^  ^^ 
Wanjied  \  whence  Wanjied  is  5  b.  2'  42^  more  eaftcrly  than  Cartagene  : 
and  taking  the  Medium  of  all  three,  5  b.  2' 34'^  or  75^  38' may  be 
•taken  for  the  true  Difference  of  Longitude,  that  is>  75  i  from  Lon- 
don^ which  compared  with  Capt-  Candler^s  Obfervation  of  the  late  Lu- 
nar Eclipfc,  ihews  Cartagene  to  be  about  20  Leagues  to  the  Eaftwards 
of  Port  Royal  in  Jamaica. 

3-  The 
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Longitude  of  the,  Fort  of  New  York. 

ij.  The  Latitude  of  the  Fort,  was  formerly  determined  to  be  40*^ 
40'. 

Aug,  9.  1723.  Time  of  Emerfion  at  London^  ac- 
cording to  Mr.  Pound's  Tables,  reduced  to  apparent      H.      '      ^ 
Tirne  16    09     25 

Time  as  irwas  fcen  at  Nevo  Tork  11     10    43 

•  —«-.»•— -^.^-.ii. 

Difference  of  Meridians  4     58     42 

I  negledied  to  write  down  the  Altitudes  which  were  taken  of  the  Sun, 
ibr  corredting  the  Clock. 

jft^.  25.  Alt.  of  the  Son'«  Upper  Limb.      Time  by  the  Clock.      Time  by  Calculat. 

O       '       ^  //.        '       ^  H.       '       " 

Sun's  Dcdin.   C49     30    00  10     17     52  10     17     28 

6^  55'  451     13     30  10    33  10             10    J2       & 

Aug.  26. 

Sun*s  fteclin.  C462400  957  40 

^^  33'  t47     50    00  lo      8  22 
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Of  the 

Fort  of  New- 
YorV,  from  E^ 
clipfes  of  the 
firjl  SauUite 
of  Jupiter 
communicated 
by  William 
Burnet,  Efqi 
Governor  of 
New  York, 
F.  R.  S. 
n.  385.  p;  162; 


9  56  25 

10  6  57 

H.  » 

M  31  25 


Time  of  Emerfion  by  Mr.  Pound?^  Tabtes 
Equation  of  Time  to  be  added 


Time  obferved  by  the  Clock 
The  fame  corre&ed 


The  Difference  of  Meridians  04    58 

This  I  look  upon  as  the  moft  di(lin<5fc  and  bed:  Obierration. 


Sept.  40.  Alt.  of  the  Son's  Upper  Limb, 
o       ' 


00 

01 

22 

»4 

3« 

47 

09* 

35 

14 

09 

34 

14 

33 


Sun's  DecHn. 

49' 

Sept.  17  th 

Sun's  Declin. 
1*54' 


J33 


34 


517 

ii5 


21 
06 

»7 
15 


Time  of  Emerfion  by  the  Clock  Sept.  lo. 
Time  of  Emerfion  by  Mr.  Pound's  Tables 
Equation  of  Time  to  be  added 


Time  by  the  Clock-. 

Time  hj  Calcufat; 

H.      ' 

H 

H. 

'      * 

09    or 

00 

09 

00    16 

09    06 

01 

09 

04    49 

04     21 

40 

04 

21    44 

04    33 

05 

04 

32    47 

H. 

* 

^efi.  10. 

08 

00     10 

s  Tables 

12 

50    36 

* 

00 

66    54 

Correfted  Time  at  New-York. 
Difference  of  Meridians 
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12     e,']    30 
07     S3    08 

04    58     22 
June 


41  p  Longitude  <?/"  Lisbon,  Paris,  and  London. 


Junty     26. 

Altitude  of  the  Sun's  Upper  Limb.            Time  by  the  Clock. 

Timfcl 

by  CalcuIaC. 

1724. 

0       '                     H,       '       ^ 

H. 

t 

1 

bunsuc^     I60       27                                10       09       40 

09 
10 

43 
05 

S7 
05 

June  27thy       C6221                                   1027        42 
Sun's  Dcdin.    <  /-^        ^                                      ^       .i^      Z 

22,26.       i6.5     21                     10    40     00 

10 

10 

27 
39 

05 
27 

• 

•    H. 

/ 

tt 

June  26. 

Time  of  Immerfion  by  the  Clock 

II 

41 

12 

Time  of  Immerfion  by  Mr,  Pound's  Tables 

16 

43 

02 

Equation  of  Time  to  be  fubftrafted 

00 

04 

26 

16 

38 

36 

• 

Time  at  New-Tork  correfted 
Difference  (tf  Meridians 

II 

40 

15 

04 

58 

21 

The  Mean  of  all  thefe  Obfervations  is  4h  58'  30^,  which  agrees  to 
3^  withi  that  Obfervsition,  which  I  thought  the  moft  esaft,  and  there- 
fore the  Longitude  of  New  Torky  is  nearly  74^  57'  30''^  Weft  from 
London, 
rariation  of  The  Variation  of  the  M^gnetick  Needle  was  obferved,  this  Year,  to 
the  Needle.  be  7^  2o'  Weft.  Philip  fVellsj  Surveyor  General  of  this  ProvincCj^ 
in  the  Year  1686,  obferved  it  to  be  8^  45';  by  which,  it  appears  to 
decreaf^  about  i^  25'  in  3S  Years,  or  a  little  more  than  two  Minutes 
in  a  Yearv 

— —  0/Lif-       4.  Illud  advertere  juvat,  differentiam  inter  hunc  meridianum,  ac 

bon,  Paris,  ^^i  Parifienfem,  minorem  jam  inventam,  ae  nos  antea  putabamus*;  non 

Edh^^lft^be'  q^idemnovisobfervationibushic habitis,  fed  iifdem  cum Parifienfibus, 

Moonlandoftbe  q^as  modo  accepimus,  comparatis.    NuUas  antehac  acceperamus,  un- 

Sateilites  rf     de  didam  differentiam  deprehendere  certo  poffemus  5  fed  noftras  ob-r 

Jupiter,  by  F.   fervationes  unice  contuleramus  cum  fupputationibua  domini  Lieutaud^ 

J.  Bapt.  Car-  n^eridiano  Parifienfi  accommodatis,  in  fuo  libcUo,  qu^m  Connoijfance 

p°"g5°'  ^  ^    ^^^  ?Vfwpj  infcribit,  &  quotannis,  Academias.  regiae  juffu,  in  lucem 

edit.     At  nimium  a  vero  aberrare  illas  dignovimus,  prsecipue,  quae 

ad  iramerfiones,  atque   emerfiones  intimi  Jovis   fatellitis  fpcdbant. 

IpfjE  cnim  obfcrvationes  habitae  in  Obfervatorio  regio,  modo  duobus, 

rnodo  tribus,  modo  etiam  4  minutis,  ab  illis  diflentiunt.     En  tibi 

comparationem  noftrae  obfervattonis  lunarig  Eclipfis^  cum  obfervacionc 

Parifienfi,  <ib  ipfo  Af^r^Wo, obfervatore,  &  regio  aftronomo  fafta;.  cui 

Comparaifon     ^^^^"^  apponam  comparationes  hnmerfionum  atqiuc  emerfionum,^  qua; 

<^  OJ>rt,^//- ^t^ol^^^c  fuerunt  obfervatae:  omnia  genuino  idiomate,  quo  fucrunt 

ifii  d€  tEclipje  ad  me  miffa,  Parifiis. 

/r>  Lnne  du  \  Quoyque  dans  cette  eclipfe,  Pombre  de  la  -Lune  n*ait  point  paru 
^^i^^7aitei  ^^^"^^^^^^  ^  Lisbone,  ny  a  Paris,  ce  qui  a  rendu  la  determination  de  ces 
I'rllfnel  S*  phi^fes  plus  difficilcs,  ccpendant  la  plus  part  des  obfervationes  s*  accor* 
^Fcjr:s.  dent 


Longitude  of  Lisbon,  Paris,  and  London.  4^  i 

dent  fi  bien  enfemble,  que  nous  avous  cm  devoir  faire  la  comparaifon 
des  phafes  principales,  qui  paroiffent  avoir  ete  obfervees  avec  le  plus  d* 
cxadlitude,  pour  en  determiner  la  difference  des  mcridicns  entre  Lif- 
bone,  &  Paris. 

H.     .    ^ 

Commencement  a  Lisbone 

a  Paris 

Difference  des  meridiens  entre  Lisbone  &  Paris 

L'ombre  a  Ariftarquc  a  Lisbone 

a  Paris 

DiflFerencc 

a  Lisbone  Pombre  a  Galilee 

a  Paris 

Difference 

a  Lisbone  I'ombre  au  bord  feptentrional  de  la  mer 

Cafpiene 
a  Paris 
Difference 

a  Lisbone  I'ombre  a  Proclus 
a  Paris 
Difference 

a  Lisbone  Ariftarque  fort  dc  Tombre 
a  Paris 
Difference 

Tout  Copernic  eft  hors  de  J'ombre  a  Lisbone 
a  Paris 
Difference 

Timocharis  eft  forti  de  Tomfare  a  Lisbone 
a  Paris 
Difference 

Platon  eft  enticrement  hors  de  Tombre  a  Lisbone 
a  Paris  ^ 

Difference 

Fin  de  V  eclipfe  a  Lisbone 
a  Paris 
Difference 

Suivant  ces  obfervations  la  duree  de  V  eclipfe  a  Lisbone  a  ete  de  !> 
32'  51^  plus  petite  feulementde  9  fecondes  qu'elle  n'a  ete  obfervee  a 
Paris,  oc  la  difference  des  meridiens,  qui  refulte  des  obfervations  du 
commcncemenc  &  de  la  fin  eft  de  45'  50^  ce  qui  s^approche  beau-  Comparaifinde 
coup  de  ce  qui  refulte  de  la  comparaifon  des  autres  taches  obfervees  a  quelqua  Ob- 
Lisbone,  &  a  Paris.  jervatUnsda. 

Nous  avons  fait  a  l^obfervatoiree  royal  de  Paris  plufieurs  obferva-  7 Jy^^^^^^ 
tions  correfpondantes  a  celles  qui  nojs  ont  etc  e.ivoyets  de  Libbone,  ^  lubone,  ^ 
en  voici  la  comparaifon.  Le  a  Paris, 


I 

47 

45 

2 

33 

30 

45 

45 

2 

0 

16 

2 

46 

15 

45 

59 

2 

II 

2S 

2 

56 

20 

44 

52 

2 

34 

37 

3 

20 

30 

45 

53 

2 

37 

»7 

3 

23 

30 

46 

13 

3 

29 

2 

4 

14 

30 

45 

28 

3 

31 

34 

4 

17 

50 

46 

16 

3 

47 

46 

4 

33 

34 

45 

48 

3 

58 

59 

4 

44 

23 

45 

24 

4 

20 

36 

I 

6 

30 

45 

54 

^j  2  Loftgiiude  of  Lisbon. 

H.   '  ^ 

Le  30  Juin.   1724      a        2     08  51  Immcrfion  a  Lisbonc 

2     54  41  a  Paris 

45  5^  Difference 

Le  2  Sept.  1724       a        9     36  57  Emcrfion a  Lisbonc 

10     22  46  a  Paris 

45  49'  Difference 

Le  25  Sept.  1724       a        9     59  21  Emerfion  a  Lisbonc 

<o    45  05  a  Paris 

45  44  Difference 

Le  4  Oftobre  a        6     26  44  Emerfion  a  Lisbone 

7     II  58  a  Paris 

45  14  Difference 

La  plus  part  de  ces  obfervations,  s*  accordent  a  donner  la  diffe- 
rence (tes  meridiens,  entre  Lisbone  &  Paris  de  45'  4^^^  d*heure,  ce 
qui  s'accorde  avec  toute  Texaftitude  que  Ton  peut  efperer,  a  cellc 
que  Ton  a  determinee  par  robfervation  derniere  de  Peclipfe  de  Lune, 
&c.  Haftenus  MaralduSj  cujus  obfervationem  lunaris  eclipfeos^  fcor- 
fim  tranfcribere  non  vacat;  pluribus  6nini  curid  fum  diftentus. 

Si  vera  eft  praedifta  differentia,  nempe  45'  48^,  erit  differentia  in- 
ter huncmeridianum  UlyflSponenfem,  &Loridin!,  36' 7^,  quam  mox 
collatis  obfervationibus  in  utroque  meridiano  faciendis,  melius  exami* 
nabimus,  certiufque  deprehendemus. 

QTljc       5.  Sonie   curious  Aftronomical  Obfervations  having  lately  been 
bon,  and  the  communicated  to  this  Society  from  Lisbon^  among  which  were  (everal 
FortofStw    Eclipfes  of  the  firft  Satellite  of  Jupiter  \   I  was  willing  Co  examine 
Wanttcd  ^'ff^    whether  I  had  made  any  at  H^anftcd  which  tallied  with  them,  that  by 
London,  X    comparing  fuch  together, the  true  Diftence  of  Longitude  between  thofc 
urmined  hj     Placcs  might  bc  found.     But  looking  over  my  Obfervations  of  the 
Edipfes  of  the  firft  Satellite,  made  laft  Year  and  the  beginning  of  this,  I  meet  on- 
firfl  Satellite  |y  ^j^|^  -y^o  Emerfions  that  were  obferved  the  fame  Night  both  ac 
tbeRev^Mr,  Lisbon  and  PFanficd.     There  are  others,  indeed,  made  within  a  few 
James    Brad-  Days  of  each  other^  which  may  likewife  bc  made  ufe  of  to  deter- 
iey,    M.    A.  niine  the  Difference  of  Longitude  •,  but  not  with  the  fame  Degree  of 
^^^Th  r'^°<?  ^^^f^^^^y*  '^y  reafon  of  the  irregular  Motion  of  the  Satellite  \  which 
N^39-p  p  8«f-  ^  P^^^^"^^^>  chiefly  arifcs  from  the  Gravity  of  the  other  Satellites  to- 
wards  it.     For  although  the  Effedt  of  the  Influence  that  the  Satel- 
lites have  on  each  other,  ia  moft  remarkable  in  the  Second,  whofe 
Motion  will  fometimes  be  accelerated  or  retarded  thereby,  as  much 
as  amounts  to  30  or  40  Minutes  in  time,   in  the  fpace  of  about  feven 
Months,  or  in  half  the  Period  in  which  tlie  three  inncrmoft  Satellites 
return,  to  have  nearly  the  fame  Pofition  with  refpeft  to  ihcmfelves, 
and  the  Shadow  of  Jupiter ;  yet  the  firft  feems  alfo  liable  to  Incqua- 
Htics  that  cannot  well  be  accounted  for,  but  from  fome  fuch  Caufcas 

is 


!s 'befof e-mentioned,  tbedFe6l:of  which  will  not^eafily  be^dooed-w 
any  Rule,  but  from  a  long  and  exaft  Series  of  Obfervations.  And 
till  fome  better  and  more  certain  Rule  can  be  found  out,  we  may 
fuppofe,  that  the  EfFcft  produced  by  this  Caufe,  is,  during  fmall 
Intervals,  proportionable  to  the  Time.  On  this  Suppofition  I  have 
compared  fome  Obfervations  with  others  not  made  the  fame  Nights,; 
and  the  refult  is  nearly  the  fame  as  in  thofe  which  were  obferved  at 
the  fame  time  in  both  Places,  as  will  appear  by  the  following  Parti- 
culars. 

The  Immerfion  of  the  Firft  Satellite  was  obferved  at  fFanfted 
with  Mr.  Hadlefs  refieding  Telefcope  on  Auguft  4,  N.  S.  1725,  a- 
bout  45^  after  the  time  of  the  Immerfion,  as  calculated  from  my  Ta- 
bles. By  another  Obfervation  made  Auguft  29,  N.  S.  the  true  Im- 
rnerfion  preceded  the  Calculation  from  the  fimc  Tables  i'  lo'^  So 
that  in  25  Days  the  Satellites  Motion  was  accelerated  as  much  as  an- 
fwered  to  1'  55^  in  time.  Suppofing  therefore  the  Acceleration  to 
have  been  in  the  fame  proportion  between  July  28,  and  Auguft  4, 
N.  S.  then  the  true  Immerfion  July  28,  N.  S.  would  have  happened 
"SX  tVanfted  zhoxxt  1'  15^  after  the  time  by  the  Tables,  which  make 
the  Immerfion  at  ii^  48'  45'^  App.  Time.  The  true  Immerfion  there- 
fore was  at  fFanftedJuly  28^  N.  S.  •i2*»  50'  o^  App.  Time;  and  ac 
Lisbon  *twas  obferved  at  12^  12'  26^  App.  Time,  the  Diflerencc  be- 
ing 37' 3+^- 

September  28,  N.  S.  the  Firft  Satellite  was  feen  emerging  in  the 
Rtflefter  at  JVanfted  3'  50^  fooner  than  the  Tables  make  the  Emer^ 
fion ;  and  by  the  Mean  of  two  more  Obfervations  made^at  the  fame 
'Phice,  and  with  the  fame  Telefcope,  on  the  14th  and  i6th  of  O^o^ 
ler^  N.  S.  the  true  Emcrfion  preceded  the  Calculation  4'  30^^  We 
may  therefore  from  hence  conclude,  that  on  Sept.  21,  N.  S.  thatrue 
Emerfion  at  Wanfted  preceded  the  Calculation  by  the  Tables  about 
%'  35^  ^"d  ^'^^  ^^  ^'^^  Emerfion  there  was  at  i2*»  i'  \c/^  Apr.  i  ; 
but  this  Emerfion  was  obferved  at  Lisbon  at  ii»»  24'  55^^,  the  'Diffe- 
rence being  36'  20^ 

The  Obfervations  at  Wanfted  being  made  with  Mr.Hadlefs  Refle<5t- 
ing  Telefcope  (by  which  one  may  fee  the  Firft  Satellite  near  ^  of  a 
Minute  fooner  when 'tis  Emerging,  than  in  a  Refrafting  Telefcope 
of  15  Feet,  and  the  contrary  when  'tis  Immerging)  there  ought  to 
be  fome  Allowance  made  on  account  of  different  Telefcopcs  made 
ufe  of  at  Lisbon  and  fVanfted^  by  dedufting  10  or  15'''  from  the  Dif- 
ference of  1  ime  colledled  from  the  Immerfions,  and  adding  as  mudi 
to  the  Difference  deduced  from  the  Emerfions.  Such  C-^rreSion  be- 
ing made,  the  Difference  of  Meridians  by  the  Immerfion  obferved 
July  28,  will  be  37'  2o^  and  by  the  Emerfion  Sept.  21,  36'  3^''. 

The  Emerfion  obferved  at  Lisbon  December  8,  N.  S.  at  8**  32^ 
40^  Apparent  Time,  was  likew^fe  feen  at  iFdnfted  \n  a  15'^Fooc 
Tube  -ii  9*  10'  5^  Apparent  Time,  the  Air  being  a  little  hazy, 

•  which 
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which  may  probably  make  the   Difference  37'  15'  a  little  too 
great.  ^ 

The  Emcrfion  feen  at  Lisbon  Jan.  16,  1726.  N.  S.  at  (f  51'  lo^ 
which  fcem3  accompanied  with  Circumftances  that  argue  its  Exacl- 
nefs,  was  likewife  very  well  obferved  at  fFanfted  in  a  15  Foot  Tube 
at  7^  28'  22^'  Apparent  Time,  the  Difference  being  37'  12^. 

Thefe  are  the  only  Obfervations  among  thofe  which  were  laft 
communicated,  that  I  could  compare  with  any  Degree  of  Certainty 
with  my  own :  But  I  find  others  printed  in  the  Philofoph.  ^ranfa£l. 
N®.  385,  which  were  likewife  made  by  the  fame  curious  Perfons, 
who  obferved  an  Emerfion  of  the  Firft  Satellite  at  Lisbon  S^tembcr 
2,  1724,  N.  S.  at  9^  36'  sf.  This  was  feen  alfo  at  Wdnfied  in  the 
Reflcfter  at  lo^  13'  28^^  Apparent  Time.     Hence,  allowing  for  the 

.different  Telefcopes,  the  Difference  of  Meridians  is  30'  45^. 

This  Emerfion  at  Wanfted  preceded  the  Calculation  by  the  Tables 
4'  40^  :  And  another  Emerfion  obferved  with  the  fame  Telefcope  on 
Sept.  18,  N.  S.  preceded  the  Calculation  5'  10'''.  We  may  therefore 
fuppofe,  diat  on  Sept.  9,  N.  S.  the  true  Emerfion  at  Wanfted  pre- 
ceded the  computed  about  4'  52^.  The  Emerfion  that  Day  by  the 
>  Tables  was  at  i2*»  15'  34^  App.  Time  ;  therefore  the  true  Emcrfion 
at  Wanfted  was  at  i2h  10'  42'^     At  LUhon  was  obferved  at  ii**  34' 

i(>K    So  that  allowing  for  the  Difference  of  Telefcopcs,  the  Diffe- 
rence of  Meridians  by  this  Obfervation  is  36'  30^. 

The  Mean  of  all  thefe  Differences  is  about  36*  58^,  from  which 
fubftrad^ing  28^'  for  the  Difference  of  Meridians  between  London  and 
Wanfted^  the  remainder  will  be  the  Difference  of  Meridians  between 

•  London  and  Lisbon^  viz.  36'  i=9^  /i,  Lisbon  bdng  fo  much  to 
the  Wefl:ward  of  London.  This  Difference  of  Longitude  is  about 
5'  i  greater  than  what  is  determined  in  the  forementioned  TranfaSli- 
on  :  But  as  the  Gentlemen  to  whom  we  arc  indebted  for  thefe  Obfer- 
vations,  have  given  us  hopes  that  they  will  continue  to  make  and 
communicate  more,  we  need  not  doubt  but  their  exadt  Care  and  Di- 
ligence will  foon  enable  us  to  judge  yet  more  nicely  of  the  true  Situa- 
tion of  thofe  Cities  with  refped  to  each  other. 
Nfsff  York.  The  fame  TranfaSion  containing  fome  Obfcrvations  of  Eclipfes  of 

the  fame  Satellite  made  in  the  Fort  of  New  Tork^  communicated  by 
his  Excellency  William  Burnet^  Efq;  Governor  of  New  Tork^  I  fhall 
take  this  Opportunity  of  determining  the  Longitude  of  that  Fort 
more  exa<Sdy  than  it  can  be  fuppofed  to  be  there  done,  by  the  bare 
Comparifon  of  the  Obfervations  with  the  Tables ;  having  two  Obfcr- 
vations made  at  Wanfted^  which  tally  with  two  made  at  New  Torky 
on  Aug.  25,  and  Sept.  10. 

By  the  Obfervation  made  Aug,  25,  1723,  O.  S.  which  is  efteemed 
the  mod  diftinft  ancyjeft,  the  Satellite  Emerged  at  9*  35^  14^  by  the 
Clock,  which  went  about  i'  \  toofaft  for  the  Apparent  Time  at  the 
Emerfion,  as  appears  by  the  Altitudes  of  the  Sun's  Limb  taken  the 

Moiling 
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Morning  before  and  after  the  Obfervation  ;  fo  that  the  Emerfion  at 
New  Tcrk  was  at  9^  34'  Apparent  Time  ;  that  is,  9^  32'  20'''  Mean 
Time. 

Augufi  27,  8**  57'  40^  Mean  Time,  the  Satellite  was  feen  emerging 
at  Wanfied  in  the  Reflefter ;  and  Sep^  12.  7^  ly  15^  M.T.  'twas 
icen  emerging  again  in  the  fame  Telefcope  :  So  that  in  15**  22>»  19' 
^S^  there  were  9  Emerfions;  and  the  Interval  between  each  was  a- 
bout  i^  18^  28'  5c/.  This  fubftradcd  from  the  Time  of  the  Enier-  . 
fion  obferved  at  ff^anjied  Auguji  27,  wili  give  the  true  Emerfion  at 
Wanft&doii  Auguft  25,  i4»»  28' 50^  M.  T.  that  is,  4''  56' 30^  later 
than  it  was  obferved  at  ifew  Tork. 

September  ro,  8'»  o'  10^  by  the  Clock,  another  Emerfion  was  ob- 
ferved at  New  Tork.  From  the  Altitudes  of  the  Sun's  Limb  taken 
the  Morning  before,  I  compute  the  Error  of  the  Clock  at  the  Time  • 
of  the  Emerfion  to  be  i'  10^,  and  that  the  Emerfion  happened  at  7** 
59'  App.  T.  that  is,  J^^V  52^  Meantime  at  New  lork.  But  fub- 
fl:ra6ting  the  forementioncd  Interval  of  i^  iS*"  28'  50^  from  the  Time 
of  the  Emerfion  obferved  ac  Wanfted  September  i2,  7**  17'  15^  M.  T. 
we  ftiaH  have  the  Time  of  the  true. Emerfion  at  H^anftedon  Sept.  10, 
at  i2»»  48^25^  M.  T.  which  is  4>  56'  33^  later  than  'twas  obferved  at 
New  Tork.  The  Diiferenc*  therefore  of  Meridians  between  Wanfted 
and  N€m.Tjork^  allowing  about  15^  for  the  Difference  of  Telef- 
copes,  is  about  4^  56'  45^,  and  between  London  and  New  larky  4.^ 
£&  i.  So  that  the  true  Longitude  of  New  Tork  from  London  is  74** 
V  Weft. 

6.  Differential  Meridianorum  Ulyffiponem-imer  ac  Telonem  Mar- — <y  To»* 
tium  ex.pluribus  obfervationibuss^^ruta  eft,  i^  6'  ^''^  &u  15**  2'  15*^,  ion  Md  Lif- 
^uibua  IJIyffiipo  occidcnuliorcft  Tclonc  Martio.  ^"-  ^^^• 

7.  Ex  pluribus  obfervationibus  Romae  habitis,  &  Ulyffipone,  cri- 101. 

:tur  Meridianorum  differentia  i**.  28'  o^  feu  22^,  quae  fane  diffe cy  Lif- 

rcntia  aut  omnino  vera  aut  quam  proximc  veritati  jicccdere  vidctur.  ^"»  .^pV 
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Tale  College  in  ConneiJicut  Colony  in  New  England  lies  ar 
or  10'  Weft  from  Cambridge,    in  Latitude  about  41*^    ■& 


2.  The  Latitude  of  the  Fort  of  New-Tork  was  formerly  determin- 
ed  to  be  40^  40'. 

3.  Cum  innumerae  circa  hujus  urbis  Latitudinem,  inftitui  poffint 
interdiu,  noftuque  obfervarjones,.  non  adeo  nobis  opportuamn  fuit 
illam  citiiis  explorare ;    inftrumenta  fiquidem,  quae  hie  invenimus 
quaeque  etiam  nobifcum  tulimus,  etfi  fatis  apta  ad  gradus  ac  minuta 
prima  praeter  propter  dignofcenda,  non  tamen  ad  minuta  eadem  cer 
tius  exploranda,  multoque  miniis  ad  fecunda  invcftiganda  (^qu«  fane 

Aftronomis 
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Aftronomis  contemnenda  non  funt.)  opportuna  eflfe  videbantur.  .  At- 
que  hoc  magis,  quod  non  una  erat  dc  hujiifce  urbii  Latrtudine  fen-* 
tcntia,  quoad  minuta  prima  ;  qoarum  quidem  nonnullse  propius  ve* 
ritati  accedebant,  ut'ex  noftris  quoque  obfervationibus  inferre  lice- 
bat ;  vcnmi  nulli  fidere  certo  poteramus.  Duas  tancum  fententias 
in  mfcdiurrt  profero,  quarum  fingulae  plurimum  ponderis  apud,  pru.- 
dentes  habere  poflcnt  j  Tiidifcordia  inter  utramque  earum  fidem  inl- 
minuerct,  Altera  igitur  fententia  eft  Emanuelis  Pimentel  Regii  Cof- 
mogt^aphi,  in  mathematiciS  apprime  verfati,  qxii  mulris  ac  repetitis 
obfervjitionibus  per  umbram  reftam  Gnomonis^  cujus  alcitudo  pedum 
16,  fe  inrcnifle  tcftatur  hujus  Poll  altitudincm  3.8 **  48'  2o\  quod  in 
libello  quodam  MS.  cjafdem  "authorrs  legi,  in  quo  &  iplas  obferva- 
tione8  fule  adnotavcrar.  Altera  verb  fententia  eft  Regijc  Parifienfis 
Acadcmiae  ex  obfervationibus  domini  Couplet,  qui  Ulyffiponem  ve- 
nitAnno  1697,  trbi  aKquot  inftitnit'obfervationes  ad  mcridianorum 
diflfcrentiam  Ulyffiponenfis  fcilicet  ^c  Regii  Obfervatorii,  necnon  hu- 
jiifce urbis  ktitudinem  invcniendam.  Hanc  autem  fe  invenifTe  fatetur 
38®  45'  25^.  Ut  igitur  ce^ci  aliquid  in  |iac  re  dcprehendere  ooflcmus, 
cxpeftandum  tantifper  cxiffimavitniis,  dum  aptiora  Parifiis  inftru- 
menta  redperemus ;  ubi  juffu  ac 'munificentia  fereniffimi  Regis'noftri 
turn  multa  alia  TOfnficteb^ntiTr  a  peritiffimts  artificrbus  inftrumenta, 
turn  in  primis  Quadrantes  duo  Aftronomici,  quorum  alter  5,  alter 
3  pedum  Parifinofum;  nee  ndh  Sextans  totrdem  pedum,  Ha*c  jam 
inde  recepimus,  &  multiplteicxperimdnt©  ad'trutinanfi  revocai'imus  ; 
tree  fenc  qtridquam  fenfibilc  in  iis  corrigendum,  invcnimus,  nifi  quod 
facillime  co^rigi'  poteft,  &  ptemmque  obfcf vatbrurii.^curfc  cdrriged- 
dum  relinquitur,  dioptras  nempe  T^tefcopicas  ad  reftom  fihlm  redu- 
cere.  Id  facile  praeftitimus,  ftatimque  prasdiftis  infti:umentis  uti  ce- 
pimus,  ad  praediftam  Poltiiltitudtnetti  inquircndan;!.        / 

Pl\irimas  fane  inftittrimus  obfervariones ;  quanrni  tameH*  aliquot 
hicfebnefto  circa  Solis  altitudines,  praefcrtim  Meridiaoas,  vel  fc:j5-# 
tAnte,  vel^uadrantrAftrorroimicotrTum  pedum  fiabfeis,  poftrfiodum 
nnffuTara-lTas  tum  pracdidlis,  tum  etiam  quadrante  murali  quinque 
peduftl  habcndas'vel  circr^olem;  vel  circa  rdiqira  -  Afti^i  Juvat 
vcr^ttim  -obfervatas  altitudines  Solis  fubneftere,  tum  integras  etiam 
fopputationes,  tmde  P6R  altitudo  dedafta  eft.  • 

•  -Scqnentium  obfervationum  alias  habits  funt  in  CoUegio  divi.  Ao-  Ohfervationes 
tonii  Magrtf,  afeein  Obfcrvatorio  PaWtii  Regii;   quas  fan8  Ipca,  ^^titudinum 
cilm  in  eodem  fint  Meridiano,  quidquid  inter  fe  difteranr,  in  Ibla  ^^^^^  ^'^J^Jy, 
tJiffenmt-Latitudine :    At  vero  tanta  non  eft  differentia,  ut  ejus  ha-  ^El^tionm^ 
btndA  fit  ratio  in  his  obfervationibus,   quibus  hujufce  urbis  Eleva-  inveftigandam 
tionem  non  ade6'exadle  ■exptoratam'VOlo,'ut  feCunda  quoque  Gra^  Ulyffip. 
dutrminTcnta  affirmcm. 

Hhra  ^   '-'''''  '*    '  "'        Altitudo 


4ri6  Latitude  o/*  Lisbon. 

JVw.24. 1725.  Altitudo  I.imbi  fuperioris  Solis  in  Merid.  quadrante  30    56    20 
Aftronomico  oblervata            ■                 ■ 

RetraAio  propria  hujus  akicudinis  ex  tabulis  Halleii  i     28 

Altitudo  correfta  hujufdem  Limbi       — .  30    54.    52 

Parallaxis  Solis                    ■                           ■  4 

Altitudo  vera  Limbi  fuper  Sol«m        —    ■■  ■  1  ■  ■  30    54    56 

Setnidiamcter  Solis  Appan         ■   '                 — ^  16     18 


Altitudo  vera  centri  Solis        30  3^8  38 

Dcclinatio  Solis  Auftral.            — —                   ■  20  35  59 

Altitudo -ffiquatoris             ■  51  17  37 

Complementum,  feu  Latitudo  Ulyfliponia  38  42  23 

Decimb*^.     Altitudo  Meridiana  Limbi  fuperioris  Soils,  iextante 

obfervata            —                — —             ■  29.  8  19 

Refradto  propria  hujus  altitudinis        -«**    ■■  ■  ^  35 

Altitudo  ejufdem  Limbi  corredbi        — —        ■  29  6  ^5 

Parallaxis  SoJis            ■■-     ■ .            —          —  .  4 


Altitudo  vera  fuperioris  Solis    -  ■      ■  •.     ^9      6    39 

Semidiamcter  Solis  —        —  —  16    20 


Altitudo  vera  Centri  Solis        —        — —         —      28     50    19 
Peclinatio  Solis  Auftralis        •<.^- ■  ■  22     27      7 


^Altitudo  ^quatoris        ■■■■..  —-.•  ,      —       ,51'.   17     26 

Complementum,  ieu  Poll  elevatio        —         -■•-—    j8    42     34 

fiMmk  6.      Altitudo  Lrmbi  fuperioris  Solis  iextante  obfervata  — •     29  i       o 

Relraftio  propria  hujus  altitudinis        .  —    '  i  *  36 

.- •  -  - .  .' 

AUitqdo  correfta  ejufdem  Limbi       — .         «8  /?a    ^4. 

,  Parallaxis  Sole          ^      I 

4 

I  ■ 

Altitudo  vera  Limbi  fuperioris    -~—  ~.—      28     59     28 

Semidiamcter  Solis         ■     ■     "■       .....i—^       .— ^  ^5.    21 


Altitudo  vera  Centri  Solis        ■  -^i^      *—      28     43       7 

I>ecUnatio  Solis  Auftralis        ^---.        i_        ...       22    34    24 


Aid* 
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Altitudo  -ffiquatoris    -~  —  '»*      51     17    31 


Complemencuniy  feu  Ladtudo  Ulyffip.     -*—     '^—      33  42  29 

Akitodo  Limbi  fuperioris  Solis  quadrante  obfervata       28  20  22  ^^^^  . 

Refradtio  propria  hujus  Ahintdinis        i  39     '^'^  '  ^^' 

— 

Altitudo  correfta  Limbi  fuperioris  Soils    •-—    -^--^       28  18  43 

Parallaxis  Solis  —  4 

Altitudo  vera  Limbi  fuperioris  Solis    — —    — —      .28  18  47 

Semidiameter  Solis    «— *            ■   ■                    «.-*^  16  21 


Altitudo  vera  Centri  Soils                  ,               •-*-•  28  2  26 

Dcclinatio  Auftralis            ■               — —        23  14  57 

Altitudo  iEquatoris     ■       ■■     ■ m     ■        .u^pi  51  17  23 

Complementum,  feu  I^titudo  Ulyflipw             '  38  42  37 

Altitudo  Limbi  inferioris  Solis  (extante  obfervata  —  28  47  ^^  Tan  %  \  2&. 

Refra£tio  propria  hujus  altitudinis                ■       —  i  37             ^ 

Altitudo  conrefta  Limbi  inferioris  Solis    •— —    28  45  33 


Parallaxis  Solis 


4 


Altitudo  vera  Limbi  inferioris  Solis    — »-•  ■■               28  45  37 

jSemidiameter  apparens  Solis    •— — —    ■    ,■  -—  16  21 

Altitudo  vera  Centri  Sdis            «  ■                     29  i  58 

Declinatio  Auftralis  Solis      *       ■■  ■  *             22  15  42 


Altitudo  ^quatoris  —        *■■■'  51     17    40 

Compkmcntum,  feu  Latitude  Ulyffip.    38    42     20 


Duas  Solis  altitudines  fextante  Aitronomico  obfervavimus  ante  Me-  jan,  9. 
ridiem,  totidemoue  pcrft  Meridiem,  aheras  alteris  refpondentes^  in  ver- 
ticalibus  fcilicet  a  Meridiano  aequi^ftantibus;  quod  ut  accuracius  fi- 
eret,  addita  funt  altitudinibus  pomeridianis  fcrupula  convenienria, 
quas;  nimirum  ex  declinatione  Solis,  utcunque  mtnori,  refacdi  dcbe* 
bant  in  ipfam  Solis  verticalem  alcitudinem.  Has  quidem  obfervati* 
ones  eateni^s  inftituimus,  ut  noftri  horologii  pendulo  ioflrudi  vd 
mininum  a   tempore  Vero  difcordiam  deprehencleremus,  fimulque 

meridianas 
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mericUanas  lincas,  quibus  non  unis  utimur  in  hoc  noftto  Collegio,  ire* 
r6m  atque  icerCun  ad  trutinam  revocarennis.  Ucra&que  vcr6  obfcr- 
vationes  inter  fe  collatae,  adeo  exade  confcnfere  in  cadem  differen- 
tia oftendenda,  ut  dc  illarum  reftitudine  non  nifi  temcre  dubitarcm. 
Opportune  igitur  his  ipfis  obfervationibus  ufuros  nos  duxi  ad  Poll 
qiioque  altitudinemexplorandam  ;  his  cribusnen>pe  cognitis,  altitu* 
dineSolis,  ejufdemdeclinationc,  &  hora  diei. 


Alcitudo  Solis  vera        

Ejufdem  declinatio  Auftralis  '  ..■ 

Tempus  verum  obfervatse  alcitudinis 


o 

t 

0 

20 

36 

18 

22 

8 

II 

9^ 

37 

26 

Ex  his  igitur,  per  calculos  Trigonomctricos,  quos  inivimus  (  nee 
tamen  hie  apponere  opus  eft)  refiiltac  Poll  devatio  Ulyffipone,  38^ 

42'  24''. 

Iterum,  ex  fecunda  obfervadone  naatutina, 

Alticudo  vera  Solis             ■  ■     1        ■      23,   25  47 

Ejufdem  declinatio  Auftralis      ■  *—*  '■            22       8  10 

Tempus  verum  obfervatae  alcitudinis    ■  •»—     IO^  4  41 

Ex  quibus  paricer  perTrigonomecriam  refultac  Poll  elevacio  Ulyflip. 
38^  42'  25'^ 

Ex  obfervationibus  pomeridianis,  in.  quibus  pene  omnia  fiinteadem 
atque  in  obfervationibus  matutinis,  eadem  ^quoque  inferri  debetiat  al^ 
titudo  Poll,  ac  proinde  novis  calculis  non  fuit  opus. 

Jam  vero  ex  omoium  oblcTvationum  compieHO,'  inferre  hadtenus 

I  licet  Latitudinem  Ulyftiponenfem^  i^  hoc  Coll^io  divi  Antonii,  aut 

'  etiam  in  Palatio  Regio  obfervatam  non  excedere  31^  43',  ncc  mino- 

rem  cffe  38°  42' ;    propiis  ver4  accedere  ad  38^  42' 30'^     Quod 

fane  quamprimum  novis  atque  iteratis  obfervadonibus  cercii^s  in^ 

notefcet. 

Alio  rum  diflidium  in  hac  Elevationc  affignanda,  vel  ex  aliquo  in- 
ftrumentorum  vitio  (  quod  non  facile  noftris  concingere  potuic,  cum 
&  plura'Iint,  &  grandiufcula,-  nee  uno  ab  artifice  elaborata,  ac  tan- 
dem faepiCks  adhibita  in  idem  femper  confpiraverint )  vel  ex  locorum 
diverfitate,  in  quibus  obfervationes  habitae  funt  oriri  putaverim. 
Eft  enim  Ulyflipo  fatis  ampla  j  &  a  Borea  ad  Meridiem  plus  una  ex- 
tenditur  Leuca,  quae  quidem  diftantia  trium,  vel  cpaatuor  mintftorum 
parere  poQet  difcordiam.  Accedit  ad  hsec  non  exigua  diflicultas, 
quam  quifque,  vel  peritiffimus,  experiri  folet  in  determinanda  extre- 
mitate  umbra  verae,  eademqae  a  penumbr4  feccrrtenda  ;  quam  fane 
difficultatem  non  facile  declinavcrit  clariflimus  Vir,  de  quo  fuperiiis 
memini,   Emanuel  Pimentei,    in  fuis  obfervationibus  per  umbram 

rcftam 
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rcftam  Gnomonis.     Ac  proinde  nee  mirum  fi  qua  intcrcedat  diver- 
fitas,  ciim  non  una  fie  inftrumcntorum  conditio. 


4.  Akitudo  Meridiana  limbi  fuper.  Solis,   S^uadrante 
Murali  quinque  pedum         — r-  ' 

Correftio  additiva  Qjjadrantis ——— 

Ajcicudo  apparens  ejufdem  linmbi    —  — 

Refra<aio  —  —   .  .   ~ 

Alcitudo  correfta,  &¥€ra  limbi  fuperioris        * 

Seniidiameter  Solis  apparens  — 

Alcitudo  vera  centri  *—  ■ 

D^clinatio  Borealis  ■   '  >i     ■ 

Altitudo  ^quatoris  ■■■     ■  — — 

Elevatio  Poll  ■  ■ 


CoHtinutdbj 
tbtjamt.  N*. 

67   5  25  i°'-  P-  409- 

67   15   40 
23 

6^   14   17 

tS    58  21 

15  40  36 

51  »7  45 


j8  42  •  15 


Altitudo  Meridiana  limbi   fuper.  Solis,    ^adrante 
aftronomieo  trium  pedum  —  — —     75 

Corrcftio  Quadrantis  fubtrahenda  — - 

Altitudo  apparens  praedidli  limbi  —  —    75 

Refraaio 


Altitudo  vera  limbi  fuperioris  • 

Semidiameter  Solis  apparens  — 
Altitudo  vera  centri  Solis         — 

Ejufdem  Dcclinatio  Borealis  — 
Altitudo  ^quatoris                — • 

ElevJ^tio  Poli  —    ~  — 


—  75 

—  74 

—  23 
—  5» 


5 
2 


15 
46 

28 

17 


20  Jun.  22: 
37 

il 

53 
35 
5P 
45 


—  .31  42  15 


Altitudo  Meridiana  LucidaeLyra,  ^airante  Mu- 

rali  auinque  pedum           ..  ■                 —  •■ — 

<;orfe«io  Quadrantis,  addit.             —  .  — 

Altitudo  vera  fideris             —            —  — 

"Declinatio  Borealis,  ex  t^t^ljs  JF,la<nfteadi  .— 

Altitudo  ^quatofis       "7—           — ,  — 

Elev^tio  Pcli                —                —  — 

Altitudo  Meridiana  iimbi  fup.  Solis,  eodm  ^uadranie 

Adroit               —                 —                — 
(Correftio  <^adr.  add.         ,  --;            -r-            — ' 
Altitudo  appaueais  ^u^dern  limbi  -  —  

Altitudo  vera  limbi  fuperioris        —        —       — 
Semidiameter  apparens  Solis        —        —        — 
Altitudo  vera  centri  '— <  —  — 


«9  40  J 5  '*-?•"• 

89  50    30 

38  32  5$ 

51  J7  .  3^ 

g8  42  25 


.65    49  X3 

10  15 

65  59    28 

24 

65  59   4 

15  53 

65  43  II 

Declinatio 
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Seft.  24. 


OM.  27; 


^^4&*   27. 


DecHnatio  Bor. 
Altitudo  -Slquatoris 
Elevatio  Poll 


14    25     30 

—      51     17     41 

—        38     4a     19 


Akitudo  Meridiana  limbi  fup.  Soils,  Sfuadrante  sftro- 
nomko  trium  pedum  -..«..—. 

Corrcflio  Quadrantis  fubtr.  

Altitudo  apparens  ejufdem  limbi    

Refradio  --r  — 

Altitudo  apparens  correfta  — 

Parallaxis  .     ■  ■ 

Altitudo  vera  limbi  fuperioris  — 

8emidiameter  Solis  apparens  — - 

Altitudo  vera  centri  Solis  '— — 

Ejufdem  Declinatio  Auitralis  — 

Altitudo  iEquatoris  — — -  ^ 

Elevatio  Poll  —  — 


Altitudo  Meridiana.  limbi  Aip.  Solis^  Sextante 
CorreAio  Inftrumenti  additiva  — 

Altitudo  apparens  ejufdem  limhf  -^ 

Refraftio  —  —  . 

Altitudo  limbi  fupecioris  corn  — 

Parallaxis  —  -^ 

Altitudo  vera  ejufdem  limbi  — 

Semidiametjerfolis  apparens  —     * 

Akitudo  vera  centri  «^  ^ 

Ejufdem  Declinatio  Auftralis  «^ 

Altitudo  :£quaCoris  —  <^ 

•Elevatio  Poli  —  — 

Altitudo  Meridiana  Fomabantis  Aquarii  feu  Lucida  in 

ore  Pifcis  Auftrini,  £odem  Sextante        -^ 
'Gorre6tio  Inftrumenti  additiva  — . 

Alritudo  Apparens  —  — 

Refradtio  ■■■  ,     ,  ^, 

Altitudo  vera  iideris  —  — < 

Declinatio  Auftralis  ex  De  La  Hire        — * 
Altitudo  iEquatoris  «»_^ 

Elevatio  Poli  — *         -   .-^ 
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47 
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2 

37 

—    50 

44 
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43 
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2 

—      50 

H 

52 
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16 

4 

—         so 

27 

48 

— 

50 
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—      51 

tS 

0 
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42 

0 
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40 

15 
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5 

-  38 

46 
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6 

• 
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'  3 
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45 
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-— 
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38 
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5 
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48 

34 
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38 
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21 
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1 

55 
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34 
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Obfervation  of  Latitude  and  Variation. 

Ex  praedidlis  Obfervacionibus,  non  imprudcnter  ftatui  poteft  la- 
tttudo  Obfervatorii  Regit  in  aula  38^^  42'  20^,  nojiri  verb  Collegii  D. 
jlntonii  Magniy  38^  42'  30^''. 

5.  Ex  permultis  accuratiflimis  obfcrvationibus  Telonis  Martis  La-  . 
titudo  inventa  eft  43  S  &  55^. 

6.  On  Wednefday^  Feb.  2;  we  took  our  Departure  from  Java 
Heady  allowing  ic  to  lie  in  the  Latitude  of  6^  45' South. 
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U.  7.     By  a  good  Amplitude  made 
Latitude  by  Account 
Merid.  Dift.  from  Java  Head 
Longitude  from  ditto 

M.  13.   By  a  good  Azimuth  made 
Latitude  by  good  Obfervat. 
Merid.  Dift.  from  Java  Head 
Longitude  from  ditto 

W.  15.    By  a  good  Amplitude- 
Latitude  per  Obfervation 
Merid.  Dift.  frpm  Java  Head 
Longitude  from  ditto 
By  a  good  Azimuth  and  Amplitude 
Lisititude />^r  Obfervation 
Merid.  Dift.  from  Java  Head 
Longitude  from  ditto 
By  a  good  Amplitude 
Latitude  per  Obfervation 
Merid.  Dift.  from  Java  Head 
Longitude  from  ditto 
By  a  good  Azimuth 
Latitude  per  Obfervation 
Merid.  Dift.  from  Java  Head     * 
Longitude  from  ditto 
By  a  good  Amplitude  made 
Latitude  per  Obfervation 
Merid.  Dift.  from  Java  Head 
Loi^itude  from  ditto 
By  a  good  Amplitude  made 
Latitude  per  Obfervation 
Merid.  Dift.  from  Java  Head 
Longitude  from  ditto 
By  an  Azimuth  &  Amplitude  made 
Latitude /)^r  Obfervation 
Meridian  Diftance 
Longitude 

li 


3^ 
9 


4 
13 
3 
3 
4 

15 
6 
6 

4 
18 

17 
18 

6 

19 
21 

32 
10 
ii 
30 
32 
15 
23 
37 
38 
18 

25 
40 

42 

j§ 

42 
44 

i 


28' 
59 


Variat, 
South. 


J  Weft. 


^l  I  Weft. 
45  5 

45   ,  Variat. 
43     South. 

11}  ^'*- 

52      Variat. 
18      South. 

'  J  Weft. 
9^ 
5 1      Variat. 

12     South* 

28 

00 

8     Variat. 
59     South. 

'7  J  Weft. 

3      Variat. 
CO     South*' 

15  Variat 

16  South. 

2     Variat 
II     South. 

30  J  Weft. 

00     Variat. 
18     South. 

J||Weft. 


.NWly., 

NWly. 

NWly. 

NWly. 

NWly. 

NWly. 

NWly. 

NWly. 

NWly. 


0/ Tou- 
lon ify  F.  Ant. 
Laval.     N». 
394  P-  loi. 
Obfervations 
of  Latitude 
/7»y  Variation, 
taken  on  Board 
the  Hartford, 
in  ber  Pajfagt 
from  Java 
Head  to  St. 
Hcliena,A.D. 
i7'^2*CommU' 
nicated  by  Ed. 

F,R.S.    N^ 
424- P- 331- 


Feb,  zu 


ftb.  25. 


Feb.  29. 


March  5. 


March  I. 


Mar,  10. 


By 


422 

Mareb  13. 


Mar..  17. 
Mar.  19. 

Maf»  2J^ 
J^ril  K. 

Jpr.  la 


Ohfervattons  of  Latitude  and  Variation. 


By  a  very  good  Amplitude 

Latitude  per  Obfervaiion 

Meridian  Diftance  ^ 

Longitude  from  Java 

By  a  good  Azimuth  made 

Latitude  by  Account 

Merid.  Dift.  from  Java  Head 

Longitude  ditto 

By  a  good  Azimuth  had 

Latitude /^^r  Obfcrvation 

Meridian  Diftance 

Longitude 

By  a  good  Azimuth  had 

Latitude  per  Account 

Merid.  Dift.  from  Java  Head 

Longitude  from  ditto 

By  a  good  Amplitude  had 

Latitude /^^r  Obfervation 

Meridian  Diftance 

Longitude 

By  a  good  Amplitude  made 

Latitude  by  Obfervation 

Merid.  Dift.  from  Java  Head 

Longitude  from  ditto 

By  a  good  Azinauth&  Amplitude 

Latitude  per  Obfervation 

Merid.  Dift.  from  Java  Head 

Longitude  from  ditto 

By  a  good  Amplimdft  made. 

Latitude  per  Obfervation 

Merid.  Dift.  from  J  ova  Head 

Longitude  from  ditto 

By  a  very  good  Amplitude  made 

Latitude  by  Obfervation 

Meridian  Diftance  ftom  J^va  Head 

Longitude  from  ditto 

By  a  good  Azim.  &  Amplitude  made 

Latitude /^^r  Obfervation 

Merid.  Dift.  from  Java  Head 

Longitude  from  ditto 

By  a  good  Azim.  &  Amplit.iMade 

Latitude /<?r  Obfervition     .  . 

Merid.  Dift.  from  Java  Hfod 

Longitude  from  dino 


2I« 

45'    Variat.  NWJy. 

27 

23     South. 

44 
46 

3*4}  *'*• 

24 

23      Variat.  NWJy. 

30 

25     South. 

52 
54 

5'.}  ^"'- 

24 

50     Variat.  NWiy. 

30 

27      South. 

56 

f>Weft. 

59 

2l  J 

24 

15      Variat.  NWly. 

31 

23      South. 

61 
66 

37  J.  Weft. 

23 

51      Variat.  NWJy, 

32 

47     South. 

67 

"fy  Weft. 
44j 

20 

16     Variat.  NWJy. 

34 

58     South. 

73 
79 

3/jWa. 

2« 

07     Variat.  NWJy. 

35 

33     South. 

74 
81 

J^Weft. 

19 

•7     Variat.  NWIy. 

35 

41     South. 

77 
.^7 

.:}w.ft. 

'^ 

30     Variat.  NWJy, 

36 

25     South. 

77 
87 

fs}^'*- 

-  16 

9     Variat  NWIy. 

•38 

10     South. 

77 
87 

:j|wcft. 

15 

40     Variat.  NWty. 

37 

58     South. 

V 
85 

^5!  ^'ft- 
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45' 
4 

5+"j>  Weft. 


Variat. 
South. 


NWIy. 


ByaverygoodAzim.&  Amplitudes  15^ 
Latitude  per  Obfervation  37 

Mcrid.  Dift.  from  Java  Head  76 

Longitude  from  ditto  84    42  J 

J^  B.  This  Day  I  judged  Cape  Bonne  Efperance  to  bear  N.  by  W, 
from  me,  Diftance  2°  34'. 
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^W/  14. 


By  a  very  good  Azimuth  made 
Latitude  per  Obfervation 
Merid,  Dift.  from  Java  Head 
Ditto  from  Cape  Bonne  Efperance 
Longitude  from  Java  Head 
By  a  very  good  Amplitude  made 
Latitude  per  Obfervation 
Merid.  Dift.  from  Java  Head 
Ditto  from  Cape  Bonne  Efperance 
Longitude  from  Java  Head 
By  a  very  good  Azimuth  made 
Latitude  per  Obfervation 
Merid.  Dift.  from  Java  Head 
Ditto  from  Cape  Bonne  Efperance 
I  x)ngitude  from  Java  Head 
By  a  good  Amplitude  made 
Latitude  by  Obfervation 
Merid.  Dift,  from  Java  Head 
Ditto  from  Cape  Bonne  Efperance 
Longitude  from  Java  Head 
By  a  good  Azimuth  made 
Latitude  p^r  Obfervation 
Merid.  Dift.  from  Java  Head 
Ditto  from  Cape  Bonne  Efperance 
Longitude  from  Java  Head 
Latitude />^r  Obfervation 
Merid.  Dift.  from  Java  Head 
Ditto  from  Cape  Bonne  Efperance 
Longitude  from  Java  Head 
By  an  Ampl.  the  Night  before  came  in 


Variat.  NWly. 
South. 

I  Weft. 

Variat.  NWly. 
South. 

>Weft. 

Variat.  NWly. 
South. 


>Weft- 

Variat. 
South. 

>Wcft. 


NWly; 


Variation. 
South. 

Weft. 

South. 

•Weft. 


Afr*  16. 


Jpr.  it. 


Jfr,  2ii 


Jiff,  «4. 


i^.  29. 


Mfjj. 


NWly. 


At  Noon  Barn  Point  bore  W  by  N  4.  N.  Diftance  four  Miles. 


A  GiogrMphi' 

cal  Defer  if ti' 

ott-and  M^ 

of  the  King' 

VI.  From  Tunis  I  travelled  as  far  Weftward  as  Hydra^  and  from  -^««  e<"runi», 
thence  went  to  Tofer^  paffing  from  Tegewfe  through  the  Lake  ^/^/^xhomas 
Marks  J  or  the  Palus  Triionia^  as  I  take  it,  to  Gaps ;   from  Gaps  I  sh^w,  Ch^- 
travelled  all  the  Way  upon  the  Coaft  to  Biferta  \   but  at  the  fame  imn  to  tie 
Time  took  Care  to  vifit  fuch  Places  within  Land,  where  I  could  EnglHh  i^ 
learn  of  any  Ruins  or  Curiofities.    I  made  ufc  of  a  fmall,  but  very  g  *'  Algicrj^ 
good  Mariners  Compafs,  and  found  the  Variation  at  Casrwan  ro  177*"'^  \ 


I  11  2 


Degr.  Fig.  198. 


424  Defer iptton  and  Map  of  Tunis. 

Degr.  Weft  ;  at  Biferta  fomething  more  than  12  D^r.  and  at 
yilgier  I  find  it  now  to  be  30  Degr.  30  Min.  I  carried  along  with 
me  likewife  a  Brafs  Quadrant  of  a  Foot  Radius,  and  took  the  La- 
titudes of  ^unis^  Cairwarty  Spetula^  Gafffa^  Tofer^  Ebillee^  Gapfj 
Stax^  Sufa^  Lowbarla  and  Biferta^  with  all  the  Exaftnefs  fuch  an 
,»  Inftrument  would  admit  of.     As  to  the  Longitude,  moft  Mariners 

whom  I  have  converfed  with,  agree  within  10  or  12  Miles,  that  the 
Diftance  between  Algier  and  the  Goletta  ( or  Port  of  Tunis  )  is  400 
Miles.  I  have  made  this  Voyage  4  Times,  and  the  Reckonings  we 
made  aboard,  amounted  only  to  390.  I  have  made  therefore  the 
Meridional  Diftance  betwixt  this  Place  and  Cape  Carthage  350 
Miles  :  ( allowing  48  to  a  Degree  of  Longitude  )  for  as  this  whole 
Courfe  is  not  upon  the  fame  Parallel,  we  may  very  well  allow  40  or 
50  Miles  for  the  oblique  Sailing  ;  becaufe  the  Courfe  is  in  37  Degr. 
20  Min.  N.  Lat.  but  Jlgier  lies  in  36  Degr.  48.  Min.  and  the  Goletta 
in  36  Degr.  40  Min. 

The  Kingdom  of  Tunis  is  bounded  to  the  North  and  Eaft  with 
the  Mediterranean  Sea,  to  the  Weft  with  the  Kingdom  of  Algier^ 
and  to  the  South  with  that  of  Tripoly.  It  is  230  Miles  in  Length 
from  the  Ifleof  Gerba,  in  Lat.  33^  24',  to  Cape  S^frr^i,  in  Lat.  37^ 
16',  and  128  Miles  in  its  greateft  Breadth  from  Monajieer  to  Tthifa. 
Sbeka,  its  utmoft  Boundary  to  the  Weft,  lies  in  Long.  7^  26'  and 
Clybea,  its  utmoft  Boundary  to  the  Eaft,  in  10®  47'  from  London. 

Of  the  Modern  Geographers,  Luyts  feems  to  have  been  the  beft 
acquainted  with  its  Extent  in  general,  giving  it  3^  of  Longitude, 
and  (above)  4^  in  Latitude.  The  Sanfons  place  it  above  3**  fur- 
ther to  the  South  than  it  ftiould  be,  and  their  Error  is  greater,  m  re- 
-  lation  to  the  Longitude.  Moll  places  it  a  few  Minutes  only  too  far 
to  the  North,  but  to  the  South  Ae  has  extended  it  beyond  the  Pa- 
rallel of  Tripoljy  wherein  I  find  he  has  been  followed  by  Mr.  De^ 
Lijle,  in  his  Map  of  Africa,  1722.  But  a  long  Chain  of  Mountains 
which  run  in  the  fame  Parallel  of  Latitude  with  Gerba,  are  the  Li- 
mits of  Tunis  and  Tripoly. 

If  we  take  the  Antients  for  our  Guides,  we  (hall  ftill  find  further 
Errors  and  Difagrcements.  For  Ptolemy  makes  the  Difference  of 
Latitude  betwixt  Carthage  and  Gaps,  almoft  the  two  Extremities  of 
the  Kingdom,  to  be  only  i  Degr.  and  50  Min.  ^provided  the  Italian 
Copy  I  make  ufe  of  be  correft. )  The  like  Diftance  he  puts  be- 
tween Gaps  and  Tofer^  making  thereby  the  latter  no  Miles  more  to 
the  South  ;  whereas  I  found  it  18  Miles  more  to  the  North.  Thus 
again  he  places  Gaff/a  in  Latitude  29^  45'  and  Gaps  in  30®  30' 
making  Gaps  a  great  Way  to  the  North  ;  whereas  the  Courfe  from 
Gaff/a  to  Gaps,  is  near  80  Miles  South-Eaft  :  not  to  fpeak  of  his 
placing  Carthage,  and  fo  refpeftively  of  other  Places,  too  far  to  the 
South  by  near  4?  30'  or  270  Miles.  The  like  Errors  may  be  ob- 
fervcd  as  to  his  Difference  of  Longitude  of  particular  Places,  and  as 

to 
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to  his  Scale  of  Longitude  in  Genera],  which  he  places  at  Icaft  10*^ 
too  far  to  the  Eaft. 

The  Antonine  Itinerary  will  alfo  admit  of  feveral  Doubts  and  Con- 
tradiftions,  as  Ricciolus  has  already  obferved,  Geogr.  p.  74.  and 
therefore  is  not  to  be  altogether  depended  upon  ;  though  it  muft  (till 
be  allowed  to  be  a  much  better  Conduftor  than  Ptolemy.  Thus  the 
Author  of  the  Itinerary  makes  it  to  be  216  Miles  from  Sufetula^  I 
prefume  by  the  Way  of  Adrumettum^  to  Clyj^ea,  thereby  making 
Clypea  iii  Miles  from  Adrumetttim  \  whereas  in  another  Place,  in 
his  Maritime  Itinerary^  he  only  makes  a  Difference  of  about  44 
Miles,  or  350  Furlongs.  And  again  he  makes  the  direft  Road  from 
Carthage  through  Laribus  and  Tbevejleto  Cirta^  to  be  332  Miles; 
but  the  Road  by  Hippo  Regius^  or  Bona^  which  fhould  be  further, 
only  312,  So  that  great  Caution  is  to  be  obferved  in  following 
that  Authority. 

Pliny  is  not  fo  particular  as  either  Ptolemy  or  the  Itinerary.  He 
lays  down  Things  in  general,  and  therefore  can  give  but  little 
Light  and  Afliftance  to  a  Traveller,  in  pointing  out  to  him  the  an- 
tient  Boundaries,  or  the  particular  Cities  of  this  Kingdom.  His  Al- 
phabetical CoUeftion  of  Towns,  has  but  little  Inftruftion  in  it,  and 
where  he  would  feem  to  follow  fomc  Order  and  Method,  as  in  nam- 
ing the  Towns  along  the  Coaft  of  Byzacium^  he  places  Adrumettum 
and  Rufpina  after  Leptis ;  thereby  infinuating,  as  if  Leptis  lay  at  a 
greater  Diftancc  from  the  leflTer  Syrtis ;  the  contrrary  to  which  is 
proved  eafily  from  Hirtius  and  other  Authors.  And  if  with  Cluve^ 
rius^  i^c.  we  fhould  make  the  Africa  of  Pliny ^  comprehending  even 
the  two  Provinces  of  Zeugitana  and  Byzaciumy  to  be  the  Kingdom 
of  Tunis^  we  Ihall  meet  with  great  Difficulties  in  the  Geography, 
cfpecially  of  Byzacium^  which  is  the  Southern,  and  ought  to  be  the 
greater  Part  of  it.  For  as  Pliny  makes  it  only  250  Miles  in  Circuit, 
and  to  extend  from  Adrumettum  or  Hercla  North  to  Sabrata^  or  to 
Gaps  only,  or  Tacape  South,  we  (hall  find  that  this  Number  of  Miles 
will  not  be  fufHcient  to  meafure  the  Coaft  twice  over,  and  there- 
fore can  lay  no  Claim  at  all  to  any  Part  of  the  Continent.  But  how 
far  (hort  foevcr  this  Calculation  may  be  of  the  Truth,  it  feems  very 
probable,  that  the  Province  of  Hadrum<'(Uim^  as  defcribed  by  Pto- 
lemy^ how  faulty  foever  he  may  be  in  Particulars,  is  the  B^zacium 
which  we  look  after,  and  that  it  included  the  Blaide  el  Gereedy  or 
Country  of  Dates^  which  Pliny  and  ihe  Autl;or  of  the  Itinerary 
feem  to  have  known  nothing  of,  or  not  to  have  regarded.  For  Pto- 
lemy^s  Ufulitanum^  Turza^  Zugarci^  Cities  ftill  prefer/:,  g  their  old 
Names,  and  near  upon  the  fame  Latitude  with  Adrumettum^  continue 
to  remain  its  Boundaries  to  the  North  •,  as  'fofer  and  Gaps^  the 
^ifuro  and  Capi^  or  ^acape  of  the  Artienti,  do  the  South ;  while 
liceney  and  Gafffa^  or  the  ancient  'Tbcene  and  Capfa^  determine  the 

Midland 
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Midland  Continent.  And  in  this  Situation,  *Strabo{tcw&  to  place 
his  Byzacii ;  and  at  the  fame  Time  makes  the  Country  of  the  Car- 
tbagimarjs  to  be  only  the  Zeugitana  of  Pliti'j^  contrary  to  the  Opini- 
on of  fome  Geographers,  who  give  ic  a  much  greater  Extent.  How- 
ever the  Zeugitana^  or  the  greater  Part  of  it  at  Jeaft,  is  ftill  called 
Fregea  or  Frikaa  by  the  jirabs ;  and  as  this  is  without  doubt  a  Cor- 
ruption of  its  antient  Name,  fo  the  Tradition  of  it  through  fo  many 
Ages,  may  perhaps  be  a  ftronger  Argument,  that  this  was  the  Af- 
rica properjy  fo  called  of  Pliny  j  or  the  Province  of  Africa  ^  by 
Way  of  Eminence,  than  mod  of  the  Geographical  Reafons  which 
have  hitherto  appeared  to  the  Contrary. 

The  Kingdom  of  Tunis  then  contains  the  jifrica  propria  of  Pliny ^ 
with  the  Byzacium  of  Strqho^  or  the  Province  of  Hadrumettum  of 
Ptolemy  y  to  which  we  are  like  wife  to  add  fo  much  of  Numidia  as  lies 
half  a  Day's  Journey,  or  fix  Leagues  Weft  of  Keff\  for  Keff  or 
Sicca  Venerea  is  now  Part  of  thefe  Dominions,  and  which  Ptolemy 
and  Pliny  place  in  Numidia^  though  it  is  almoft  in  the  fame  Meridi- 
an with  the  River  Tufca. 

Reflexions  oh  VII.  A/,  de  Lip  in  the  Account  of  his  Method  of  making  an  ex- 
c  ^\rifnof  ^^  ^'^"  ^^  Paris y  and  comparing  it  with  London^  and  other  Cities, 
tbTMagnltude  ^^ft  Ihews,  by  what  Means  he  proceeded  in  determining  the  true 
^  Paris  with  Situation  of  the  feveral  Places  in  Paris :  After  which  he  explains  his 
London  and  Manner  of  drawing  a  true  Meridian  Line  through  that  City  ; 
^^r/i/ej/ijr^  whereby  he  was  enabled  to  divide  it  by  Meridians  and  Parallels^  as 
ediTtbeMe-  ^^  pradifed  in  a  general  Map :  And  then  he  goes  on  in  the  follow- 
psoirs  of  the  ing  Words  ; 
Royal  Acadc-      «  /  traced  the  Parallels /re?;*  is  to  15  Seconds,,  and  the  Meridians 

"™Vnf/lr7^/  "  ^^^^  ^^  ^^  ^^*  ^^^^  ^^  ^^^^  ^^^  P^'-^Z/i?/ (?/  Paris,  15  Degrees 
^4/1725!''^'  *'  ^/  Latitude  are  equivalent  to  20  of  Longitude,  and  the  like  is  true 
By  Peter  Da-  *'  of  Minutes  and  Seconds  \  by  allofving  5  Seconds  more  to  the  Inter- 
vail.  NO.  <'^  vols  of  the  Meridians,  than  to  thofe  of  the  Parallels,  I  formed 
402.  p.  432.    C4  perfeft  Squares- " 

He  fays,  the  chief  Ufe  he  intended  to  make  of  thefe  Squares, 
was  to  compare  the  Magnitude  of  Paris  with  that  of  London^  and 
gives  an  Account  of  what  Method  he  took  to  procure  a  juft  Plan  of 
this  City,  which  he  reduced  to  the  fame  Scale  as  that  of  Paris^  and 
proceeds  thus : 

'*  I  traced  upon  it  in  like  Manner ^  Squares  from  15  to  15  Seconds 
^^  of  a  great  Circle,  and  then  I  was  prepared  to  compare  the  Great- 
**  nefs  of  the  two  Cities.'* 

*'  ^be  Refult  of  this  Comparifon  is^  that  Paris  contains  (>'i  of  thefe 
**  Squares^  which  makes  for  its  Superficies  3538647  fquare  Toifes: 
*'  And  that  London  contains  only  60  of  thofe  Squares j  or  3370140 
*«  fquare  Toifes. "  And 

•  Supra  Syrtes  P/y/Ioi  atqae  Na/amnes  atque  Getularum  tliqttos :  dcinde  SinUs  Sc 
Byzacin  ufauc  od  Carthaginicnfcm  regioncm:  ea  enim  eft  malta.  Strab.  Geogr.  I  2. 
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Lines,  in  a  Plan  of  no  larger  a  Scale  than  this. 


Now 
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Bjzaaot  nf^ue  ad  Carthaginienfem  regionem:  ea  enim  eft  malca.  Strai 
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And  from  hence  he  concludes,  that  Paris  is  one  iwentietb  Part 
greater  than  London^  though  he  fays  he  has  excluded  feveral  Gar- 
dens, contained  within  Paris^  out  of  this  Mcnfuration,  which  would 
have  made  it  bear  ftill  a  greater  Proportion  to  London, 

Upon  reading  this  Account  of  M.  de  Lijl/s^  it  immediately  occur- 
red to  me,  that  the  Method  which  he  has  here  taken  of  compa- 
ring the  Magnitudes  of  Paris  and  London^  from  whence  he  in- 
fers that  the  firft  of  thefe  Cities  is  one  twentieth  greater  than  the 
]atter,  is  founded  on  ?ifalfe  Suppofuion,  viz.  That  under  the  Pa- 
rallel of  Paris  20  Degrees  of  Longitude  are  equal  to  1 5  of  Latitude ^ 
and  confcquently  that  by  drawing  Meridians  from  20  to  20  Seconds, 
and  Parallels  from  15  to  15,  the  Figures  formed  by  their  Interfcc- 
tion  will  be  prfeSt  Squares :  For  the  Equator  and  its  Parallels  are  to 
each  other  as  the  Sines  of  their  refpeffive  Dijlances  from  the  Pole. 
Whence,  as  the  Radius^  or  Sine  of  90  Degrees,  is  to  the  Sine  of  the 
Dijiance  of  any  Parallel  from  the  Pole^  or  Co/me  of  its  Latitude  :  : 
fo  is  a  Degree  or  any  other  Part  of  the  Equator^  or  of  any  great  Circle, 
to  the  like  Part  of  the  given  Parallel.  Therefore  taking  the  mean 
Latitude  of  Paris  at  48°,  51',  the  Proportion  of  the  Degrees  of  a 
great  Circle  to  thofe  of  the  Parallel  of  Paris  will  by  a  Table  of 
Sines  be  found  to  be  as  i  to  .6580326.  Whereas  according  to  M. 
de  Lijle^  that  Proportion  is  only  as  20  to  15,  or  as  i  to  .75.  The 
Figures  therefore  which  M.  de  Lijle  calls  Squares,  are  not  fuch,  but 
Re£langles^  whofe  longeft  Side  containing  15  Seconds  of  a  great  Cir- 
cle, bears  the  fame  Proportion  to  the  fhorteft,  containing  20  Se* 
condsofthc  Parallel  of  Parisy  as  .75  does  to  .658,  i^c.  or  nearly 
as  8  to  7.  And  the  Intervals,  which  he  ought  to  have  allowed  to 
the  Meridians,  to  make  perfeft  Squares  of  thefe  Figures,  ought  to 
have  been  /j\  i^c.  Seconds,  or  nearly  22^  f  or  22^  48'^  of  the 
Parallel  of  Paris. 

Now  M.  de  LiJle  fays,  thefe  Figures  are  perfeft  Squares,  and 
has  computed  them  as  Squares,  whofe  Side  was  15^  of  a  great  Cir- 
cle -,  for  he  fays  Paris  contains  63  of  thefe  Squares,  which  makes 
3538647  fquare  ^oifes^  which  laft  Number  being  divided  by  6^^ 
the  Siuote  56169  will  be  the  Number  of  fquare  Totfes  contained  in 
each  Square,  whofe  fquare  Root  gives  237  ^oifes  for  the  Side  of  each 
Square,  which  is  juft  15^  of  /^o.  or  a  Degree  of  a  great  Circle. 

M.  de  Lijle  hath  therefore  by  this  Account  made  the  fuperficial 
Content  of  each  ReElangle^  and  confcquently  of  the  whole  City  of 
Paris  too  great  by  near  one  feventh.  To  confirm  which  beyond 
Contradiftion  we  have  M.  de  Lijle* s  own  Teftimony,  who  in  the 
Plan  he  himfelf  has  drawn  and  publifhed  of  Paris,  and  which  he  re- 
fers to  in  this  very  Account,  has  not  made  Squares  of  the  above- 
mentioned  Figures,  but  has  given  to  their  refpefthre  Sides  the  Pro- 
portion of  8  to  7,  which  is  as  near  the  true  one  $is  can  well  be  cx- 
prefs'd  by  Lines,  in  a  Plan  of  no  larger  a  Scale  than  this. 

Now 
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Now  in  the  Account  we  have  been  confidering,  M.  de  LiJU  fays 
himfelf,  that  in  his  meafuring  of  London  he  drew  Squares,  whofe 
Sides  contained  1 5  Seconds  ot  a  great  Circle,  and  of  thefe  he  fays, 
London  contains  fixty. 

Therefore  to  compare  Paris  with  London^  we  ought  for  the  fore- 
going Rc^fons  to  make  an  Abatement  out  of  the  63  Reftangles 
which  Paris  contains,  nearly  in  the  Proportion  of  8  to  7  ;  but  be- 
caufe  that  is  a  little  greater  than  the  true  one  ;  let  us  mike  fuch  A- 
batement  only  in  the  Proportion  of  9  to  8,  which  h  pretty  confider- 
ably  lefs  than  the  juft  one.  By  which  Abatement  the  Number  of 
Squares,  whofe  Side  is  15  Seconds  of  a  great  Circle  contained  in 
Paris^  will  be  reduced  from  63  to  56.  And  confequently,  accord- 
ing to  M.  de  Lijle*s  own  Way  of  meafuring,  the  Magnitude  of  Lon^ 
don  will  be  to  that  of  Paris  as  60  to  56,  or  as  15  to  14 ;  or  London 
will  be  one' fourteenth  greater  than  Paris,  But  to  determine  what 
Proportion  thofe  two  Cities  really  bear  to  each  other,  requires  a 
more  exadl  Menfuration  of  London  than  any  we  yet  have,  which 
whoever  would  undertake,  I  think  he  cannot  follow  a  better  Method 
than  that  M.  de  Lijle  has  taken,  and  would  advife  him  to  confult  the 
Account  upon  which  the  foregoing  Refleftions  are  made,  which  he 
may  find  in  the  Memoires  of  the  Rojd  Academy  of  Sciences^  for  the 
Year  1725. /Jg.  48. 

^f^r^^lti-       ^^^^-  ^"  ^^'i  ^73^>  ^  communicated  to  the  S^^^V/y  the  Defcrip- 

ons  mMde  on     tion  *  of  a  titvf  Inftrument  for  taking  Angles,  and  produced  a  Spe- 

Board  the       cimcn  of  an  Inftrument  made  accordingly.  Several  ot  the  Gentlemen 

Chatham-       jq  whom  it  was  (hewn,  as  well  then  as  at  other  Times,  entertained  a 

^*^^*»  ^    favourable  Opinion  of  the  Probability  of  its  Ufefulnefs,  particularly 

I^VM  1732.  ^^^  worthy  Vice-Prefidcnt  Dr.  Edmund  Halley^  Aftr.  Reg.  and  the 

in  purfuance  of  KtvtT^ti^  Mr.  James  Bradley^  Aftr.  Pr.  S.  not  only  expreffed  their 

an  Order  mad$  Defifc  that  Trial  ftiould  be  made  of  it  at  Sea,  but  promifed  the  Favour 

^imimin  ^*  ^^^  Company  and  Afliftance  on  that  Occafion. 

JTtbiAdmi'       The  Inftrument  produced  at  the  Society  was  made  of  Wood,  and 

ralty.foftbe  was  intended  chiefly  for  taking  Altitudes  of  the  Sun,  Moon  and 

Jrialofan      Stars,  from  the  vifible  Horizon,  either  forwards  or  backwards;  I 

^^kbf^hl  (ts  ^^^^^^^^^  procured  another  to  be  made  of  Brafs  by  Mr.  J.SiJfon^  for 

%  Johnllad-  taking  the  Diftance  of  any  kind  of  Objeds.     It  is  fupported  by  a 

Jey,  EfqiV.    fingle  Stem  fcrewed  on  to  it  on  the  under  Side,  the  lower  End  of 

P.  R.  s.    N«  which  may  reft  on  the  Ground,  to  eafe  the  Obferver  of  the  Weight 

4*S-P-34"'    of  the  Inftrument.     This  Stem  is  alfo  made  to  lengthen  or  fliorten, 

by  which  Means  the  Inftrument  is  brought  to  the  proper  Height 

for  any  Obferver's  Eye,  either  ftanding  or  fitting.      Inftead  of  a 

Ball  and  Socket,  it  has  two  circular  Arches  fixed  on  its  Back,  by 

which  it  is  readily  fet  to  any  Pofition  which  the  Situation  of  the  Ob- 

je<Js  may  require, 

jSee  above;  pbap.  11.  $.  6.  ^.  139. 

The 
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The  Right  Honourable  the  Lords  Commiffioners  of  the  Admiral- 
ty having  been  pleafed  to  order  the  Chatham-Tatcht  for  the  Trial  of 
the  faid  Inftrumcnt,  and  to  give  Dircftions  to  Mr.  James  Toung^ 
Matter  Attendant  at  Chatham^  a  Gentleman  well  flciird  in  Naviga- 
tion, to  be  prefent  at  the  Trial,  my  two  Brothers  and  Self  went  on 
Board  accordingly  Aug.  30,  being  favoured  with  the  Company  (be- 
fides  the  two  'foremencioned  Gentlemen  )  of  the  Reverend  Sir  Robert 
Pp^  Bartk  and  Robert  Ord,  Efq;  Members  of  this  Society.  We 
met  Mr.  Toung  at  Sbeernefs  the  next  Day,  who  accompanied  us  down 
about  three  Leagues  below  the  Nore^  near  the  Sptle-Sand^  and  was  on 
Board  on  Friday ^  Sept.  i,  when  we  lay  by  there,  and  the  feveral  Al- 
titudes of  the  Sun  w^re  taken  as  it  approachec^  the  Meridian  from 
about  Ten  of  the  Clock  'till  Noon. 

The  Obfcrvations  were  as  follow. 

-^ftg,  30,  near  Midnight,  Mr.  J?r^^  obferv^d  the 
Diftance  of  Lucida  Lyra  from  Cor  Jquih  by  the       ^       '       ^ 
Brafs  Inftrumcnt  off  Grave/end  jn  ftill  Water  34     13     30 

The  fame  repeated  was  34     13     15 

The  Error  of  the  Inftrument  in  that  Place  is  23^  to  be  fubtrafted. 
The  Dittance  of  thofe  Stars,   according  to  Mr.      ^      '      ^ 

Flamfteedy  is  34     ix     50 

Which  by  the  Refraftion  is  reduced  to  34     i x     lo 

^^g'  3x,  about  10^30',  Mp.  J5rtfd/ify  obfcrved  the 
Diftance  of  Capella  from  the  North  Pointer  in  the 
Great  Beards  Back,  by  the  fame  Inftrtimenc,  M^ile  we 
lay  at  Anchor  in  the  Mouth  of  the  Medway  near 
SbeemefSj  the  Wind  bk)wing  hard  at  N.  E.  49  x  4  00+ 

Or  49  15  00 

Mr.  Bradley  and  my  felf  making  a  fmall  Difference  in  numbring 

the  Angle  marked  by  the  Index. 
Tlie  Error  of  the  Ditifion  of  the  Inftrument  there  is  30^  to 

be  added. 
The  Diftance  of  thofe  Stars,   according  to  Mr.       ^      '      ^ 
Flamfieed^  is  49     16    00 

By  the  Rcfraftion  reduced  to  49     14    20 

Clouds  coming  up  prevented  the  repeating  this  Obfervation,  nor 
had  we  any  Opportunity  of  making  any  others  of  this  kind. 

Altitudes  of  the  Sun  obferved  by  Mr.  Bradley^  lying  at  Anchor  in 
the  Mouth  of  the  Medway^  Aug.  3 1,  Afternoon,  the  Wind  at  N.  E. 
a  frefli  Gale,  by  the  Wooden  Inftrument  forwards.  The  Watch  by 
the  Mean  of  the  Obfcrvations  appeared  to  be  about  8'  45''  too  flow; 
the  vifiblc  Horizon  being  fuppolcd  3'  30^  depreffed  below  the  true 

Kkk  by 
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by  the  Heighrof  the  Obferver's  Eye  above  the  Surface  of  the  Wa- 
ter, amounting  to  about  8  or  9  Feet. 
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Altitudes  of  the  Sun,  obferved  Sept.  i,  before  Noon,  under  Sail 
fpom  Sheernefs  towards  the  Spile-Sandy  with  the  Tide  of  Ebb,  the 
Wind  blowing  hard  at  N.  E.  by  the  Wooden  Inftrumcnt  forward. 
The  fecond  Speculum  being  removed  by  fome  Accident  from  its 
due  Pofition,  la  as  to  kicreafe  the  Angles  obferved  about  one  De- 
gree three  Minutes  and  a  half,  as  appeared  byr  the  firft  Obfervations 
of  the  Afternoon  of  the  fame  Day,  made  with  the  fame  Inftrument, 
in  the  fame  manner,  while  we  continued  lying-by  near  the  Spile  5 
and  that  Degree  and  three  Minutes  and  a  half  are  added  to  the  Err* 
rors  of  the  Divifions  of  the  Inftrument  in  the  feventh  Column. 
While  thefe  Obiervations  were  making,  the  Yatch  fteered  at  firft 
chiefly  E.  fometimes  S.  E.  afterwards  ftood-tothe  ,N-  E.  towards  the 
Swin,  The  Time  of  the  Watch  was  regulated  by  fo;me  of  the  later 
Obfervations  made  when  we  were  moft  Eaftward,  and  this  was  pro- 
bably the  Caufe  why  the  firft  Altitudes,-  which  were  taken  while  we 
were  more  Wefterly,  fall  fo  much  Ihort  of  the  Computations,  the 
Difference  decreafmg  gradually  as  we  advanced,  towards  the  Eaft.. 
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The  fir  ft  and  fixth  Columns  of  the  preceding  Tables  of  Obferva- 
tions  are  copied  from  the  Minutes  as  they  were  fet  down  at  the  Time. 
The  Divifions  of  the  Wooden  Inftrument  being  not  exa<5t,  I  found 
it  neceflary  to  make  a  Table  to  correft  them  by,  which  was  done 
partly  by  meafuring  with  Compafles,  and  partly  by  examining  them 
againft  thofe  of  another  Inftrument.  The  Correftions  arc  every 
where  to  be  fubftraded  from  the  Angles  obferved,  and  the  Errors 
of  a  Degree  and  three  Minutes  and  a  halfj  occafioned  by  the 
mifplacing  the  fecond  Speculum  in  all  the  forward  Obfervations  of 
Sept.  I,  being  of  the  fame  kind,  are  joined  with  them,  in  the  fe- 
venth  Column  of  the  Tables  of  thofe  Obfervations.  The  laft  Co- 
lumn contains  the  Difi'erences  between  the  obferved  Altitudes,  cor- 
refted  by  the  'foremen tioned  Table,  and  the.  Altitudes  as  they  ought 
to  have  appeared  by  the  Computations.  Among  them  there  are 
two  or  three  which  fo  much  exceed  any  of  the  reft,  that  for  that 
reafon  they  feem  to  be  rather  owing  to  Miftakes,  in  counting  the 
Minutes  on  the  Inftrument,  or  the  Time  by  the  Watch,  than  to  the 
Errors  of  the  Obfervations. 

The  greateft  Part  of  the  Altitudes  were  taken  by  a  Horizon  not 
clear  of  Land,  and  by  that  Means  not  always  fo  readily  diftinguiih- 
able.  The  Obfervirs  were  all  Perfons  quite  unaccuftomed  to  thq 
Motion  of  a  Ship  at  Sea,  which  in  this  Cafe  was  generally  very  great 
and  quick,  the  Veffel  we  were  in  being  only  of  about  60  Tuns 
Burthen,  as  the  Mafter  informed  us,  the  fmallnefs  of  which  made  it 
alfo  more  liable  to  be  lifted  up  and  let  down  again  by  the  Waves : 
And  if  the  Difference  of  Height  occafioned  by  that  Means  was  a- 
bout  four\>r  five  Feet,  as  we  judged  it  to  be,  itinuft.necefiarily  fink 
and  raife  the  vifible  Horizon  by  Turns  near  one  Minute.  The 
Computations  of  the  Sun^s  Altitudes  are  all  made  for  the  Latitude 
^{51^  28%  whereas  a  good  Part  of  them  were  taken  under  Sail,  and 
upon  different  Tacks,  the  Veflel  fometimes  ftanding  N.  E.  or  N. 
and  at  other  times  South  Eaft,  for  near  a  quarter  ot  an  Hour  at  a 
Time. 

Several  of  thcfc  Circumftances  may  probably  have  contributed  to 
increale  the  Inconfiftjcncy  of  the  Obfervations  ;  but  as  no  particular 
Notice  was  taken  of  them  at  the  Time,  I  content  my  felf  with  bare- 
ly mentioning  them. 

The  Principle  on  which  the  Contrivance  of  this  Inftrument  de- 
pends, was  laid  down  in  the  Philof.  Tranfr^^.  420.  in  one  Propofiti- 
on,  and  feveral  Corollaries^  the  fifth  of  which  contains  the  Grounds 
of  an  Approximation  for  correfting  fome  fmall  Errors  which  will ' 
arife  if  the  Plane  of  the  Inftrument  befuffered  to  vary  too  much  from 
the  great  Circle  paflSng  through  the  two  Objedts,  when  the  Obferva- 
tion  is  taken.  There  appears  reafon  to  think,  that  there  will  be  very 
litde  Occafion  in  PraAice  for  that  Correftion  ;  but  it  was  neceflary 
to  mention  it,  in  order  to  explain  the  Nature  of  the  Inftrument  5  and 

as 
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as  the  manner  of  deducing  that  Corollary  from  the  Propofition  may 
not  appear  obvious  to  every  Reader,  I  have  here  annexed  the  De- 
monftration  of  it. 

Let  OBC  in  the  annexed  Figure  reprefent  an  infinite  Sphere,  at  Fig,  199. 
vhofe  Center  R  are  placed  the  two  Specula  inclined  to  one  ano- 
ther in  any  given  Angle,  and  let  their  common  Sedion  coincide  with 
the  Diameter  O  R  C.  Let  BAN  be  the  Circumference  of  a  great 
Circle,  to  the  Plane  of  which  the  common  Seftion  of  the  Specula 
ORC  is  perpendicular,  and  BR  its  Radius :  Let  ban  be  the  Cir- 
cumference of  a  Circle  parallel  to  BAN,  and  at  the  Diftance  from 
it  B  * :  Draw  b  D  the  Sine ,  and  b  r  the  Sine  complement  of  the 
Arch  B  i :  B  D  is  the  verfed  Sine  of  the  fame.  Let  A  be  a  Point 
of  an  Objeft  placed  in  a  Circumference  of  the  great  Circle  BAN, 
and  N  the  Point  in  which  its  Image  is  formed  by  the  two  fucceflive 
Refledions,  as  before  defcribed ;  and  let  ^  be  a  Point  of  another 
Objedl  placed  any  where  in  the  Circumference  of  the  Parallel  ban^ 
and  n  its  Image ;  and  kt  a bn  be  an  Arch  of  a  great  Circle  pafling 
through  the  Points  a  and  n.  The  Point  a  is  at  the  fame  Diftance 
from  the  great  Circle  BAN,  as  the  Point  ^,  i.  e.  at  the  Diftance 
Bb.     Draw  AR,  AN,  RN,  ^r,  an^rtty  aK  and  »R. 

By  the  fourth  Corollary  the  Figures  ARN  and  arn  are  fimilar, 
and  confequently  the  Line  AN  is  to  the  Line  ^ ;i  as  A R  or  B  R 
is  to  ar  or  ^r,  u  e.  as  the  Radius  is  to  the  Sine  complement  of  the 
Diftance  B*.  But  A  N  is  the  Chord  of  the  Arch  A  H  N  of  the 
great  Circle  BAN  equal  to  the  Tranflation  of  the  Point  A,  or 
double  the  Inclination  of  the  Specula,  and  an  h  the  Chord  of  the 
Arch  abnof  2L  great  Circle,  mcafuring  the  Angle  ^ R »,  by  which 
the  Point  a  appears  removed  by  the  two  Refledions,  to  an  Eye 
placed  in  the  Center  R.  Therefore  the  Tranflation,  or  apparent 
Change  of  the  Place  of  the  Point  a  is  meafured  by  an  Arch  of  a 
great  Circle,  whofe  Chord  is  to  the  Chord  of  the  Arch  AHN  (e- 
qual  to  double  the  Inclination  of  the  Specula  )  as  the  Sine  comple- 
ment  of  its  Diftance  from  the  great  Circle  BAN  is  to  the  Radius. 

From  any  Point  C  of  the  Circumference  OBC,  draw  the  Chords 
C  M  and  Cf»,  to  the  fame  Side  of  the  Point  C,  and  equal  to  the 
Chords  A  N  and  a  n  refpeftively,  draw  the  Radius  R  M,  and  from 
R  and  m  draw  R  Q^  and  m  P,'  both  perpendicular  to  C  M,  and 
cutting  it  in  Qjind  P,  RO  is  the  Sine*  complement,  and  C  M 
double  the  Sine  of  half  the  Angle  M  R  C,  or  ARN,  or  of  the 
Angle  of  Inclination  of  the  Specula.  The  little  Arch  Mm  will  re- 
prefent the  Difference  of  the  apparent  Tranflations  of  the  Objefts  in 
A  and  a ;  and  if  it  be  very  fmall,  may  be  looked  on  as  a  ftrait  Line, 
and  the  little  mixed  Triangle  MwiP  as  a  reftilinear  one,  which  will 
be  fimilar  to  RMQ,  becaufe  R  M  is  perpendicular  to  M  w  and  R  Q^ 
to  C  M,  and  the  Angles  at  Qand  P  right  Angles.  The  Line  C  P 
may  be  taken  as  equal  to  C  m^  and  M  P  as  the  Difference  of  the 
Vol.  VL  L  1 1  Lines 
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Lines  C  M  and  C  m.  Therefore  the  little  Arch  M  /»  is  to  the 
Line  M  P  nearly  as  R  M  to  R  Q^:  But  CM  (i.  e.  AN)  was  to 
Cm  {L  e.  an)  as  B  R  to  i  r,  and  the  Difference  MP  of  C  M  and 
C  m  to  the  Difference  B  D  of  B  R  and  *r  as  C  M  to  B  R-  There- 
fore  M  OT,  the  Difference  of  the  apparent  Tranflations,  is  to  B  D, 
the  verfed  Sine  of  the  Diftance  B  b,  or  to  an  Arch  equal  to  ir,  in 
the  compound  Ratio  of  R  M  the  Radius  to  R  Qjthc  Sine  comple- 
ment of  the  Angle  of  Inclination  of  the  Specula,  and  C  M  dou- 
ble the  Sine  of  the  fame  to  B  R  the  Radius,  1.  ^.  as  C  M  to  R  Q. 

The  Obfervation  may  be  corrected  by  one  eafy  Operation  in  Tri- 
goDometry,  as  will  appear  from  the  firft  Part  of  this  Corollary,  viz. 
by  taking  the  half  of  the  Angle  obferved,  and  then  finding  another 
Angle,  whoie  Sine  is  to  the  Sine  of  that  half,  as  the  Sine  comple- 
ment of.  the  Diftance  Bb  is  to  the  Radius :  This  Angle  doubled, 
will  be  the  true  Diftance  of  the  Objefts.  But  as  this  Operation, 
though  eafy,  will  require  the  ufe  of  Figures,  I  rather  cbofe  the  Me- 
thod of  Approximation,  becaufe  by  that  the  Obferver,  retaining  in 
his  Memory  the  Proportions  of  the  Sines  of  a  lew  particular  Arches 
to  the  Rldius,  may  eafily  eftimatse  the  Correftion  without  Figures, 
when  the  Angle  is  not  great,  and  by  a  Line  of  artificial  Numbers  and 
Sines,  may  always  determine  it  with  greater  £xa Aneis  than  will  ever 
be  neceffary. 

When  the  Angle  obferved  is  very  near  180  Degrees,  die  Correftion 
may  be  omitted  •,  for  then  it  will  be  eafy  to  keep  the  Plane  of  the  In- 
ftrument  fo  near  that  of  the  before-mentioned  great  Circle  as  not  to 
want  any,  if  the  Situation  of  that  Circle  be  knowA :  If  it  be  not,  the 
Obferver,  when  he  fees  the  two  Objcds  together,  may  turn  the  In- 
ftrunient  on  the  Axis  of  the  Telefcope,  'till  he  finds  that  Pofition  of  it 
by  which  he  obtains  the  leaft  Angle ;  and  this  (if  the  Specula  are  fet 
truly  perpendicular  to  the  Plane  of  the  Inftrument)  will  always  happen 
when  the  Objcfts  appear  to  coincide  in  the  Line  g  i,  as  exprefied  in 
Fig.  89  * 

In  Page  142.  a  Rule  is  given  for  finding  to  which  Hand  at  the 
Obferver  the  Objeft  fecn  by  Reflexion  ought  to  lie,  but  is  rcftrained 
to  the  particular  Form  of  the  Inftrument  there  defcribed.  The  ge- 
neral Rule  is,  that  when  the  Index  is  brought  to  the  beginning  of  the  ' 
Scale  ( i.  c.  to  0°  when  the  Inftrument  is  defigncd  for  Angles  under 
90^,  or  to  90^  when  it  is  defigned  for  Angles  from  90^  to  180°  )  if 
then  a  Line  be  imagined  to  be  drawn  on  it  parallel  to  phe  Axis  of  the 
Telefcope,  or  Line  of  Direftion  of  the  Sight,  fo  as  t6  point  towards 
the  Objed  feen  dire<5lly  5  which  ever  way  this  Line  is  carried  by  the 
Motion  of  the  Index  along  the  Arch  from  o®  towards  90^  in  the  firft 
Cafe,  or  from  90^  towards  180^  m  the  fecond,  the  fame  way  the 
Objeft  feen  by  Reftedion  ought  to  lie  from  that  which  is  feen 
directly. 

IX.  The 
•Chap.  II.  J.  6, 
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IX,  To  perfeft  the  Art  of  Navigation,  two  Things  feem  princi-  j1  Method  for 
pally  wanting.  An  eafy  Method  for  finding  the  Longitude  at  Sea  ;  Rotoinj^  Men 
and  a  Way  to  give  a  Veflel  its  Courfe,  when  there*s  no  Wind  ftir-  ^f^'''^'' 
ring.  I  flatter  my  fclf  to  have  found  the  lafl: ;  and  hope  to  make  it  Jununte/ly 
appear,  that  a  Man  of  War  may  make  a  League  an  Hour  in  a  Calm,  Mr.  Du  Qact, 
by  Means  of  revolving  Oars,  which  are  eafily  apply*d  to  the  Sides  of  N<».  369.  p. 
the  Ship,  without  occafioning  any  Incumbrance.  ^39- 

They  take  the  Water  perpendicularly,  and  enter  far  enough  not  to 
tnifs  it :  And  if  the  Water  fliould  happen  to  evade  the  Stroke,  the 
Rowers  would  not  be  much  incommoded  •,  becaufe  they  would  be 
fupported  at  every  Vibration,  which  is  only  of  three  Foot.  Bcfides, 
in  the  Ufe  of  inclined  Oars,  more  than  half  the  Time  is  loft,  in  raif- 
ing  and  recovering  the  Oar,  before  they  give  the  Stroke  ;  which 
makes  the  Veflel  move  by  jerks,  fo  that  the  People  aboard  feel  (  as 
it  were  )  every  Stroke  of  the  Oar»  when  they  play  ;  whereas,  the 
revolving  Oars  always  move  coually,  and  fucceed  one  another  with- 
out Lofs  of  Time ;  which  makes  the  Veflel  move  uniformly,  with- 
out afFeAing  thofe  who  arc  aboard.  It  is  to  be  obferved  too,  that  a 
Gaily  built  on  purpofe  for  the  Ufe  of  inclined  Oars,  would  not  be 
fo  proper  as  another  Veflel  for  perpendicular  Oars;  becaufe  the  ^ 
Gaily  has  a  confiderable  Length  and  but  little  Height  above  the 
Water. 

Having  propoCed  this  Invention  to  the  Court  of  France^  I  was  fent 
to  Hmre  de  Grace^  to  make  a  Tryal,  which  had  the  Appobation  of 
the  Intendant*  He  made  his  Report,  That  the  Oflficers  at  firft  ob 
jefted  to  the  Invention  ;  but  as  for  his  own  part,  the  more  particu- 
larly he  confider*d  it,  the  more  he  was  convinced  of  its  Ufefulnefs. 
I  was  afterwards  fent  to  Marfeilles^  where  I  made  feveral  Tryals  on 
board  a  Gaily ;  the  Swiftnefs  of  which  was  compared  with  that  of  ano-^ 
ther  Gaily,  equipped  as  ufual.  M.  de  Cbazelles^  2l  Member  of  the 
Royal  Academy  of  Sciences^  and  Engineer  of  the  King's  Gallies,  had 
Orders  to  make  his  Obfervations,  and  fend  them  to  Court :  A  Copy 
of  which  he  gave  me^  fign*d  with  his  own  Hand,  and  is  as  follows* 

An  Esiperiment  of  the  Swiftnefs  of  a  Gaily j  with  perpendicular  revolv-  ne  Report  of 
ing  Oars  J  itroented  by  Monfteur  Du  Quet ;  compared  with  that  of  a  Monfieur  dc 
common  Gaily.     Made  at  Marfeilles,  &c.  ChazcUcs. 

At  10  h.  3  min.  in  the  Morning,  the  Superhe  Gaily  quitted  her 

Station  over*againft  the  Augujiins^  in  order  to  fall  down  to  the 

Chain. 
At  ID  h*  1 1  m.  (he  came  to  the  Chain. 
At  10  h.  6  min.  the  Machine  Gaily  quitted  hef  Station,  at  the  in- 

nermoft  Part  of  the  Pott.    She  had  three  Machines  on  each 

fide. 

L  1 1  2  10.  13^ 
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10.  13.  She  came  to  the  Chain. 

10.  19-  The  two  GalUes  abreafl:.  Both  row  with  their  whole 
Crews. 

10.  25.  The  Superbe  pafles;  and  then  rows  only  with  the  hinder 
part  of  her  Crew. 

10.  27.  The  Machine  Gaily  pafles. 

10.  28.  Both  row  with  their  whole  Crews, 

10.  30.  The  Superbe  Gaily  pafles  5  and  then  rows  only  with  the 
fore-part  of  her  Crew. 

10.  32.  The  Machine  Gaily  pafles  ;  upon  which  the  Superbe  Gaily 
claps  no  more  Oars,  till  fuch  Time  as  flic  has  acquired  the  fame 
Velocity  with  the  Machine  Gaily  :  And  it  appeared,  that  with 
feven  or  eight  Oars  lefs  than  her  Complement  on  each  fide,  flic 
kept  up  with  the  Machine  Gaily ;  making  about  200  Rowers, 
which  was  the  Number  of  the  Machine  Gally^s  Crew.  There 
was  a  little  Wind  a-head,  which  retarded  the  Superbe  fomething 
more  than  it  did  the  Machine  Gaily  -,  becaufe  the  Superbe  had 
her  Mafts  and  Yard- Arms  fl:anding,  and  the  other  not. 

10.  43.  Came  to  the  Moorings  of  the  Ifles.  The  Sign  given  for 
turning. 

10.  47.  The  Superbe  was  come  about.  It  appeared,  that  the  Ma* 
chine  Gaily  was  confiderably  quicker  in  turning  than  the  Superbe. 

lO.  30.  They  came  again  into  Port. 

By  this  it  appears,  that  the  Machine  Gaily  has  a  confiderablc  Ad- 
vantage over  the  common  one,  in  quitting  her  Station,  and  acqui- 
ring her  flrfl  Motion :    For,  in  feven  Minutes,  flie  ran  the  whole 
Length  of  the  Port  \    having  quitted  her  Station  by  means  of  her 
Oars,  without  towing  her  felf  by  her  Moorings  j  which  is  what  ano- 
ther Gaily  would  not  have  effcdted,  but  very  flowly.      And  the 
Superbe  Gaily,  after  flie  had  moved  from  her  Station,  was  8  Mi- 
nutes in  going  a  lefs  Diflrance  than  the  Length  of  the  Port.    But  if 
we  confider  the  Experiment  made  without  the  Harbour,  it  feems  to 
prove  the  common  Gaily  to  have  the  Advantage  over  the  Machine 
Gaily,  though  the  Number  of  Hands  be  equal.     For,  with  8  Oars 
lefs  than  her  Complement  on  each  fide,  ftie  kept  up  with  the  Afa- 
chine  Gaily,  notwithftanding  the  greater  Refiftance  of  the  Wind  a- 
gainft  her  Mafts.     However,  if  we  confider,  that  the  Crew  of  the 
Superbe  was  a  great  deal  better  than  that  of  the  Machine  Gaily ; 
that  the  Superbe  is  acknowledged  to  be  one  of  the  beft  Sailors  the 
King  has  -,   whereas  that  which  had  the  Machines^  is  an  old  decayed 
Gaily,  and  reckoned  a  very  bad  Sailor;  befides  that  the  Crew  of 
the  Superbe  are  much  better  acquainted  with  the  common  Oar,  than 
the  others  are  with  the  new  way  of  rowing ;  and  that  in  the  com- 
mon Gaily  there's  no  Improvement  to  be  made,  either  with  refpeft  to 
the  Proportion  of  the  Oars,  their  Length,  the  Breadth  of  the  Pal- 
lets, 
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lets,  the  Heighf  of  the  Point  of  Reft,  6?r.  or  with  refpeft  to  the 
Conftrudbion  of  the  Veffcl ;  whereas  in  the  Machine^  there  are  fevc- 
ral  Things  to  be  improved  and  altered  in-  the  Oars,  the  Hand-fpikes, 
and  in  difpofing  the  Men  to  the  beft  Advantage.  Thcfe  Things,  I 
fay,  confidered,  it  feems  reafonable  to  believe,  that  a  Veffel  with 
the  Machines  might  go  fafter  than  one  with  the  common  Oars  ;  be- 
caufe  the  Lofs  of  Time  is  avoided,  which  happens  in  the  ordinary- 
way  of  rowing. 

This  Experiment,  however  dcfeftive  it  be,  for  the  Reafons  above, 
will  prove.  That  the  Velocity  is  greater  in  this  way  of  rbwing  than 
in  the  other,  when  the  Circumftances  on  both  fides  are  equal.  For, 
by  my  Journal,  I  find,  that  the  Patronney  in  Company  with  four- 
teen other  Gallies,  left  the  Port  of  Marfeilles  at  50  min.  paft  three ; 
and  rowing  all  in  a  Calm,  came  to  the  IJles  at  4h.  23  min. ;  which 
made  33  m.  in  going  from  the  Chain  to  the  IJles.  But  the  Machine 
Gaily  made  the  fame  way,  with  200  Men,  in  30  min.  having  left  the 
Chain  at  10  h.  13  m.  and  arrived  at  the  IJles  at  10  h.  43  min.  altho' 
there  was  fome  Wind  a-head.  Signed  Chazelles. 

This  Experiment  Ihews,  that  the  Impetus  does  not  depend  upon 
the  Number  of  Oars,  but  the  Number  of  Men.  A  Veffel  charged 
with  revolving  Oars,  will  go  as  faft  in  a  Calm  with  100  Men,  as  it 
would  do  if  towed  by  a  Gaily  of  200  Men  5  becaufe  there  will  be 
one  Gaily  lefs  to  draw  along. 

The  Experiment  made  of  the  New  Machine^  although  defective  jj^^^^  w 
by  reafon  of  the  Difference  there  was  with  refpeft  both  to  the  Crew  moire^fj^n- 
and  the  Vcffels,  does  yet  leave  room  to  expedt  a  confiderable  Ad-  Jieur  Chazcl- 
vantage  from  this  Invention,  in  giving  the  Ship  way :    For  though  ^^*  concerning 
the  common  Gaily  (hould  keep  up  with  the  Machine  Gaily  at  their  ^^'  W^fu^nefs 
firft  fetting  out,  with  equal  Number  of  Hands ;    'tis  evident,  the  fa/rXo/JnT 
Machine  Gaily  will  get  the  better  at  long  Run,  when  the  others  Crew  Oan,  invent- 
are  fo  fatigued,  as  to  be  obliged  to  row  by  turns.     For  here  the  Men>'^  h  M.  Du 
will  hold  a  longer  Time,-  their  Aftion  not  being  fo  great,  nor  fo  vio-  ^^^• 
lent.     Befides,  having  only  200  Men  employed,  and  being  equally 
manned  with  the  other  Gaily,  frefh  Hands  may  be  fupplyed,  and  fo 
they  will  continue  to  go  at  the  fame  Rate  :    For  in  cafe  of  Need, 
the  Marines  may    be  employed  in  this  Service ;    which  they  will 
perform  with  as  little  Reludance,  or  Trouble,  as  they  work  at  the 
Capftane. 

The  Reafon  of  this  Increafe  of  Velocity  appears  plain.  If  we  con- 
fider  the  Difference  between  the  common  way  of  rowing,  and  that 
by  perpendicular  Oars :  The  laft  is  done  by  an  uninterrupted  Appli- 
cation of  Force,  in  the  fame  Direftion  •,  the  other  adts  by  Jerks; 
And  of  the  three  Parts  of  Aftion  that  are  employed,  in  order  to 

invc  the  Strokes ;    one  in  raifing  the  Oar  out  of   the  Water,  the 
econd  in  advancing  the  Hands  forwards,  and  the  third  in  preffmg 

againll 
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againft  the  Water ;  only  the  laft  turns  to  Account :  And  chat  ftill 
lofes  fomething  of  its  Efficacy  ;  for  the  Crew,  by  their. falling  back 
all  together,  make  the  Veffel  plunge,  and  render  its  Motion  ob- 
lique, which  contributes  very  much  to  its  Decay. 

Thefe  are  not  the  only  Defefts  of  the  common  Oars ;  for,  in 
order  to  augment  their  Force,  the  Number  is  to  be  increafed,  and 
confequently,  the  VefTel  muft  have  a  greater  Length  ;  by  which 
means,  it  is  rendered  weaker  and  lefs  able  to  refift  the  Force  of  the 
Sea.  Bcfides,  the  VefTel  mud  be  low-built,  and  uncovered,  (  and  fb 
more  expofcd  to  the  beating  in  of  the  Waves  )  by  reafon  they  are 
obliged  to  proportion  the  Length  of  the  Oar  to  the  Strength  and 
Size  of  the  Men.  And  though  the  Crew  fhould  be  under  fomc  Co- 
vert, as  they  are  in  a  Galeafs ;  an  Opening  muft  be  left  lor  the  Oars 
to  play,  by  which  the  Waves  may  beat  in. 

Both  thefe  Inconveniencies  are  avoided,  by  the  perpendicular  Oars  % 
bccaufe  the  Addition  of  Force  may  be  obtained,  by  only  applying 
more  Hands  to  the  Machine  \  fo  that  with  two  or  three  Machines  on 
a  Side,  there  will  be  more  or  lefs  Force,  in  proportion  to  the  Num- 
ber of  Men  employed,  and  the  Length  of  the  Veffel  may  be  leffen- 
cd  at  Difcretion.  And  to  guard  agamfl  the  Sea,  another  Deck  nuy 
be  made,  fliut  clofe  on  all  Sides,  even  where  the  /ixis  of  the  Jf^- 
chine  pafles  through. 

The  chief  Objedlions  againft  this  Invention,  feem  to  me  lufficiendy 
obviated  by  M.  Du  S^uet^s  Memoire :  But  though  the  whole  of  what 
is  objefted  fhould  indeed  prove,  that  a  Veffel  made  for  failing,  as 
the  common  Gaily,  would  be  fo  incumbered  with  the  Machines^  as 
to  make  the  Ufe  of  Sails  impradicable  ;  yet  if  it  ftill  holds  true,  that 
fhe  will  move  fafter  ;  as  appears,  both  by  Reafon  and  Fa6b ;  it  muft 
be  allowed,  that  a  Veiffel  might  be  fo  comniodioufly  conftnidsd,  to 
,  carry  thefe  Machines ^  as  to  go  as  faft  as  a  Gaily  in  a  Calm,  and  bet- 
ter endure  the  Weather  when  under  Sail. 

Such  a  Veffel  would  have  feveral  Advantages  above  a  Gaily,  both 
in  Sailing,  and  in  Fight ;  not  to  mention  the  Conveniencies  of  lodg- 
ing  the  Crew.  She  may  put  off  to  Sea  any  where,  and  thereby  avoid 
the  Dangers  attending  the  Coaft-V/inds,  which  Gallies  find  to  be  a- 
head  as  loon  a^  they  have  doubled  certain  Capes }  and  fo  they  find 
themfelves  between  two  Winds,  which  th^re  would  be  do  Danger  of, 
farther  out  at  Sea.  With  refpeft  to  Fight,  fhe  may  mount  Cannon 
fore  and  aft,  and  on  each  fide ;  and  even  Mortar-pieces.  In  Time 
of  Battel,  fhe  would  be  of  wonderful  Ufe ;  for  fhe  would  take  and 
maintain  her  Poft  without  Affiftance,  either  at  the  Head,  or  the 
Rear  of  the  Enemy's  Line,  and  there  make  ufe  of  her  Bombs: 
Befides  the  Advantages  of  towing  off  other  Veffels  from  their  Dan- 
ger in  a  Calm,  and  of  boarding,  or  making  off  from  the  Enemy* 
And  this  holds  in  Ships  of  any  Rate  5  provided  the  Length  of  the 

Oars, 
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Oars,  the  Breadth  of  the  Pallets,  and  the  Strength  of  the  Hand- 
fpikes  be  proportionable.  And  the  moving  Force  will  always  be  in 
proportion  to  the  Strength  and  Number  of  the  Men  employed,  and 
not  to  the  Number  of  MacbineSy  as  in  the  common  Oars,  which  too 
are  imprafticable  in  Ships  above  the  fourth  Rate,  by  Reafon  of  their 
great  Length,  which  will  be  difproportionate  to  the  ordinary  Bulk 
of  a  Man. 

By  this  means  the  Crew  will  be  free  from  the  Fatigue  of  towing, 
and  the  Veffel  will  move  incomparably  fatter  than  if  it  was  towed  ; 
becaufe  the  Chaloups  which  tow,  are  fubjcft  to  the  Inconveniencies 
of  the  common  Way  of  towing,  by  lofing  two  thirds  of  the  Time  v 
and  befides,  they  can't  acl  all  together :  And  the  Veffel  that  is  towed, 
pulling  them  back  after  the  Oar  has  made  its  Stroke,  they  have  fa 
much  of  the  Space  to  regain  by  the  next  Stroke.  Befides,  the  Cable 
by  which  they  tow,  finking  into  the  Water  by  its  own  Gravity,  the 
Rcfiftance  the  Water  makes  to  its  Return,  is  to  be  over-balanced  ; 
all  which  Circumftances  together  confiderably  diminifti  the  towing 
Force. 

Befides,  this  Invention  is  not  fuch  as  is  deftruftive  to  Mankind, 
and  becomes  ufelefs  to  the  Nation  that  firft  puts  it  in  Praftice, 
when  generally  known  j  on  the  contrary,  it  may  be  greatly  advan- 
tageous to  the  Inventors  at  the  Beginning,  and  every  where  fervice- 
able  on  many  Occafions,  when  it  is  put  in  Praftice  by  thofe  who 
ufe  the  Sea.  Signed  Chazelles. 

M,  de  Chazelles  might  have  added,  that  the  Chaloups  that  tow, 
are  in  clofe  Fight  liable  to  be  fiink  by  the  Enemy's  Cannon,  and  are 
cxpofed  to  the  Waves  by  their  having  fo  little  Height  above  Water. 

The  chief  Advantage,  and  which  includes  all  the  reft,  is,  that 
let  a  Veffel  crowd  as  much  Sail  as  poffible,  the  perpendicular  Oars 
are  always  capable  of  increafing  her  Swiftnefs,  becaufe  the  Rowers 
have  only  z  Motion  of  3  Foot  to  make  one  Way,  and  as  much  the 
contrary  Way,  in  order  to  make  the  Oars  defcribe  54  Foot  Space 
in  the  Water,  and  that  Morion  of  6  Foot  might  be  performed  in 
two  Seconds  of  Time,  if  the  Oars  met  with  no  Refiftance ;  confe- 
quently  the  Veffel  mutt  run  54  Foot  in  two  Seconds,  that  is,  about 
6  Leagues  an  Hour,  before  thofe  revolving  Oars  be  unferviceable, 
for  then  the  Veffel  would  go  as  faft  as  the  Oars  could  poffibly  move 
with  a  Diameter  of  18  Foot ;  and  if  it  was  neceffary  to  make  them 
move  fafter,  it  is  only  lengthning  out  their  Diameter,  and  ihcy 
would  move  fo  much  the  fafter,  without  obliging  the  Rowers  to  in- 
creafe  their  own  Motion. 

Mr.  Arnoiilt  was  ordered  to  examine  the  new  Oars,  and  he  made 
his  Report  to  the  Court,  that  the  Officers  of  the  Gallics  found, 
that  they  interfered  with  the  Ufe  of  the  Sails  in  a  Gaily,  but  might 
be  of  Ufe  in  other  Veffels  and  Bomb-ketches  •,  in  Confequence  of 
which,  I  was  fent  to  Toulon  to  make  the  Experiment  on  Board  a 
Bomb-ketch.  A  t 
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Ac  the  Time  when  the  Experiment  was  made,  M.  de  Vauvre^  and 
the  Officers  of  the  Marine  were  at  Sea,  and  only  fome  Officers  of 
the  Port  were  prefent,  who  fent  a  Verbal  Procefs  to  the  Court, 
without  acquainting  me  with  it,  or  offering  any  Objcdion,  although 
I  had  very  much  preffed  them  to  it,  in  order  to  obviate  the  Preju- 
dices might  be  conceived  againft  this  Novelty. 

At  my  Return  to  Paris j  M.  de  Salabery^  lurpriz'd  at  my  knowing 
nothing  of  that  Account,  gave  it  me  to  anfwer,  which  I  did  Para- 
graph by  Paragraph :  The  whole  was  given  to  a  general  Officer  then 
at  Court  to  examine,  and  make  a  Report  of  it,  the'Refult  of  which 
was,  That  this  Invention  ought  to  be  put  in  Praftice. 

*//f  Account  of  X.  !•  The  Primum  Mobile^  or  Soul  of  this  Machine,  is  in  the 
AHezoMachine,  porm  of  the  Letter  Y,  and  is  made  in  Iron,  or  any  other  Metal : 
HneSu/v^^  ^^  ^^^^  ^"^  ^^  ^^^  Lines,  which  confti Cute  the  Angle,  or  upper 
or,  contrived  P^tt  of  that  Letter,  are  two  Pallets  not  much  unlike  the  Figure  of 
fortbeMenfu-  the  Log  ;  one  of  which. flills  in  the  fame  Proportion  as  the  other 
ration  of  the  fifes.  The  falling  or  pendent  Pallet  meeting  a  Refiftancc  from  the 
intb^Sa  ^^^^^»  ^s  the  Ship  moves,  has,  by  that  Means,  a  circular  Motion 
more  correaly  under  Water,  which  is  fafter  or  flower,  according  as  the  Veflel  moves. 
than  by  the  This  Motion  is  communicated  to  a  Dial  widiin  the  Ship  (which  is 
Log.  By  Mr.  fixed  either  in  the  Matter's  Cabbin,  or  any  other  proper  Place )  by 
Sau"Tr*^^  means  of  a  Rope  (of  any  convenient  Length  j  fattened  to  the  Tail 
N^.  391.  p.  ^^  ^^^  Y,  and  carried  to  the  Pial.  The  Motion  being  thus  com- 
411.  municated  to  this  Dial,  which  has  a  Bell  in  it,  it  ftrikes  exaftly  the 

geometrical  Paces,  Miles,   or  Leagues,   which  the  Ship  has  run. 
Thus  is  the  Ship's  Diftance  attained ;   and  with  equal  Eafe  may 
the  Forces  of  Tides  and  Currents  be  difgovered  by  this  Inftrument. 
Fig.  200.  A  K  C  L  and  B  H  D I  are  the  Pallets,  which  are  worked  from 

the  Legs  D  E  and  C  E  into  the  Form  they  appear,  to  a  Breadth 
of  about  4-j  Inches.  The  Length  of  the  Pallets  (  B  D.  and  A  C^ 
are  8  Inches.  The  Branches  or  Legs,  DE  apd.CE,  are  each  15 
Inches  and  a  half  long,  and  2  in  Circumference,  the  Diameter  of 
which  is  about  f  of  an  Inch  ;  and  the  Angle  C  E  D,  which  is  con- 
tained between  them,  is  45  Degrees.  The  Shank.  E  F  is  of  the  fame 
Thicknefs  or  Circumference  with  C  E  and  D  E,  and  is  27  Inches 
long.  At  the  Point  F  there  is  a  Ring,  where  one  End  of  the  Rope 
F  G  is  hooked  to  the  Machine,  the  other  End  G  being  fixt  to  the 
Dial  Within  the  Ship  or  Veflel.  This  Rope  may  be  about  5  Fa- 
thoms, more  or  lefs,  according  as  the  Dial  is  fixed  high  or  low,  in 
refped  to  the  Surface  of  the  Water. 

In  the  Figure  this  Machine  has  but  two  Branches;  however,  it 
ma)  be  formed  of  three,  if  not  four,  and  adjufted  to  the  fame 
Standard  or  Meafure  :  But  as  three  or  four  Branches  would  be  more 
fubjeft  to  entangle  themfelves  in  Sea- Weeds,  and  thereby  prevent  the 
regular  Motion  of  the  Inftrumc.it,  if  not  in  fome  Meafure  impede 
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the  Ship's  Way,  I  cannot  but  recommend  their  being  made  only  of 
two  Branches,  in  the  Manner  I  have  laid  down  ;  for,  in  my  own  Ex- 
pcriment  at  Sea,  I  have  obferved  thofe  made  in  this  Form  have  been 
fofar  from  being  choak*d  by  Weeds,  that  if  they  encountered  any 
at  any  Time,  they  have  always  cleared  themfelvcs  of  them,  without 
the  Trouble  of  hauling  the  Engine  into  the  Ship  to  do  it.  This  In- 
ftrument  may  be  regulated  fcveral  Ways ;  as  firft,  by  opening  or 
clofing  the  Angle  C  E  D ;  fecondly,  by  lengthening  or  fliortening  the  - 
Branches,  or  turning  or  bending  more  or  lefs  the  Pallets  A  K  C  L 
and  BHDI  ;  and  fo  in  this  Manner  the  Machine  is  brought  to  what 
Standard  or  Meafure  you  pleafe,  to  make  the  hydrauh'cal  Revoluti- 
on to  anfwer  either  to  a  geometrical  Pace  of  5  Feet,  or  to  10,  12, 
14  Feet,  £s?r.  The  Machines  of  this  Kind,  which  I  have  tried  at 
Sea  in  all  Sorts  of  Weather,  did  weigh  fome  4,  others  5,  and  others 
6  Pounds  ;  the  Weight  of  them  not  at  all  affefting  the  peculiar  Pro. 
perty  of  the  Inftrument,  or  hindering  the  Regulation  thereof  accord- 
ing to  the  Methods  I  have  laid  down.  Thefe.  Machines  may  be  made 
of  Tin*  as  well  as  Iron,  and  fo  light  as  not  to  weigh  above  two  or 
three  Pounds,  which  may  ferve  for  any  Boat,  Wherry,  Barge,  &ff . 
without  any  Hindrance  to  their  Rowing  or  Sailing.  The  Manner  of 
fixing  them  to  a  Ship,  or  Boat,  is  reprefented  in  Fig.  201.  pjg,  j^,^ 

I  come  now  to  the  Explanation  of  the  three  feveral  Dials,  and  one 
of  which  may  be  ufed  with  this  Machine.  The  firft  Dial  had  3  In- 
dexes, one  of  which  marked  10  Revolutions  of  the  Engine,  each  Re- 
volution 10  Feet ;  fo  that  of  confequence  the  whole  Round  of  the 
Circle  was  100  Feet.  As  five  of  thefe  Revolutions  make  50  Feet, 
which  I  reckon  to  be  (or  at  leaft  fhould  be )  the  Diftance  marked 
between  each  Knot  on  the  Log-Line  now  in  Ufe  at  Sea  ;  by  holding 
the  Half-minute  Glafs  in  one's  Hand  (which  is  always  ufed  with  the 
Log-Line )  one  may,  by  Infpeftion,  fee  how  many  Times  50  Feet 
Ihc  runs  in  half  a  Minute,  and  ojf  courfe  how  many  Miles  in  an 
Hour,  without  the  Trouble  of  employing  4  or  5  Hands,  as  there 
generally  is,  in  heaving  the  Log.  My  fecond  Index  on  this  Dial 
marked  100  Revolutions,  which  makes  looo  Feet,  as  the  third  In- 
dex did  1000  Revolutions,  which  is  equal  to  10,000  Feet-,  and 
then  a  little  Bell  ftruck,  fignifying  when  the  Ship  had  failed  that 
Diftance,  which  may  be  alfo  fitted  to  ftrike  to  any  other  Meafure. 
My  fecond  Dial  had  the  Circle  on  its  Plate  divided  into  twelve  Parts, 
fo  that  as  the  Index  paft  each  Divifion,  the  Ship  had  run  one  Mile,  ^ 

and  confequently  12  Miles,  when  it  had  meafured  the  Circumference. 
On  one  Side  of  this  Dial,  I  had  fixed  another  Plate,  which  was  gra- 
duated in  fuch  Manner,  that  by  the  Half  minute  Glafs  I  could  alfo, 
by  Infpeftion,  tell  what  theVeflfelrun  in  that  Space  of  Time,  ^c. 
On  my  third  Dial  I  had  three  Circles  \  the  firft  was  fo  divided,  as  to 
fhew  when  the  Ship  had  run  60  Ltagues  ;  the  fecond  was  fo  contriv- 
ed, as  to  (hew  when  the  Ship  had  run  the  fame  Diftance  in  Miles  •, 
Vol.  VI.  M  m  m  '  and 
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and  on  the  third  was  marked  1 20  Knots  ;  fo  that  computing  each 
Knot  at  50  Feet,  the  Circumference  was  6000  Feet,  which  I  take 
to  be  the  Standard  of  an  Englijh  Maritime  Mile,  or  the  /^  Part  of 
a  Degree  upon  the  Equator  ;  in  running  which  Length,  my  Inftru- 
ment  has  juft  600  Revolutions  5  to  which  Diftance  a  little  Bell  ftrikes 
to  give  Notice,  to  the  Man  at  the  Helm,  of  the  Diftance  failed  in 
that  Time.  Befidcs  the  feveral  Circles  on  this  Dial  (graduated  as  I 
have  mentioned )  I  had  alfo  two  Plates  on  each  Side,  having  two  Qr-> 
cles;  one  divjded  into  100  Leagues  and  the  other  into  300  Miles  i 
fo  that,  without  hearing  the  Bell  ftrike  to  evt^ry  Mile  or  League^ 
one  might  at  any  Time  fee  by  them,  what  Number  of  Miles  or 
Leagues  the  Ship  had  run,  from  the  Time  Ihe  liad  left  her  Port. 
As  to  the  Materials  within  the  Dial,  there  is  little  more  than  com- 
mon Clock-work^ 

^  As  by  this  Machine  I  undertake  to  correft  the  Errors  of  the  Log, 
I  flatter  my  felf  that  a  Comparifon  between  that  Inftrument,  and 
my  Invention,  will  not  be  unacceptable  to  the  Curious. 

•  The  firft  Error  I  chufe  to  touch  on,  in  relation  to  the  Log,  is 
in  the  half  and  quarter  Minute  Glades  5  I  think' I  may  well  affirm, 
that  they  are  feldom  or  never  true,  in  regard  it  rarely  happens  that 
we  can  find  two  to  finifli  their  Courfe  in  the  fame  Space  of  Time  \ 
yet,  if  they  did  run  their  Sand  out  equally,  it  is  no  Demonftration 
of  their  Truth,  fince  two,  that  are  falfe,  may  do  the  fame^  as  well 
as  two  that  are  true.     But,  admitting  they  were  never  fo  truly  made, 
they  are  notwithftanding  fubjeft  to  Error,  fince  it  is  but  too  well 
known,  that  dry  and  wet  Weather  have  a  great  Influence  on  them. 
Should  the  Half-minute  Glafs  lack  but  two  Seconds,  or  be  two  Se- 
conds too  long,  it  makes  an  Error  of  fome  Miles  in  24  Hours. 
If  the  Log  be  hove  by  Quarter-minute  GlafTes,    in  like  manner 
defeftive  ( which  is  the  general  Praftice,  when  the  Ship  has  great 
Way  )  in  doubling  the  Knots,  the  Error  is  alfo  doubled.     BeSdes, 
when  the  Ship  runs  after  the  Rate  of  8  or^p  Miles  an  Hour  (  and 
the  Line  is  left  to  run  off  of  the  Reel )  it  rarely  happens  but  fome 
Fathoms  are  out,  before  the  Line  can  be  flopped  ;  though  this 
may  be  fmall  in  the  Courfe  of  24  Hours,  and  therefore  difregard- 
ed  ;  yet  in  a  long  Voyage  it  will  make  a  great  Addition  to  the  many 
Errors  in  the  Diflance  ( which  we  gain  by  the  Log  )  which,  added 
to  thofe  of  our  Judgment,  occafions  fo  many  that  keep  Journals 
at  Sea,  to  be  a  Shore,  when  they  have  reckoned  themfelves,  50, 
60,  or  more  Leagues  from  the  Land  -,  and'  others  to  be  as  many 
Leagues  from  jheir  Port,  at  the  Tinw  when  they  have  expeftcd  to 
make  it. 

*  In  the  Marine-Stirve^or  it  is  not  fo  ;  for  this  Inflrument  requires 
no  GlafTes  of  any  Kind :  Let-  ifhe  Ship  run  fafl  or  flow,  it  is  the 
fame,  for  it  works  in  Proportioii^and  the  Bell  flrikcs  to  every  Mile 
accordingly.     To  evidence  the  Truth  of  this,  I  take  Leave  to 
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*  mention  an  Inftance,  viz,    Wh^n  I  was  making  my  Experiments  on 

*  the  Canal,  in  St^James^s  Park,  Dr.  D^/aguliers and  (ev:cral  other  Ma- 

*  thematiciansi  at  Times,  were' with  me,  and  we  meaforedout  a  i:ertain 

*  Diftance  there  ;  upon  which  I  fitted  my  Machine  to  ftrike  to  that 

*  Diftance,  and  accordingly  it  did  fo.  We  then  altere^d  the  Motion  of 

*  the  Boat,  and  rowed  much  fafter  to  the  Mark  than  we  had  done 

*  before ;    however,  the  Bell  ftruck,  when  we  came  up  to  ic,  to 

*  the  greateft  Exaftnefs:  And  iuch  is  the  Property  of  this  Inftru* 

*  mcnt,  that  it  may  be  fitted  to  ftrike  to  Miles,  Leagues,  (^c.  as 

*  fhall  be  thought  proper.     This  Machine  is  made  of  Materials  fo 

*  durabfe  that  one  of  them  (hall  laft  50  or  60  Years ;  and  fuch  is  the 

*  Price,  that  they  will  Iprove  as  cheap  or  cheaper  to  the  Government, 

*  than  the  Logi    which  is  attended  with  an  Expence  of  fo  many 

*  Lines,  Glaifcs,  &c.     As  for  the  making  a  Trial  of  this  Inftru- 

*  ment,  it  may  be  as  fully  done  in  the  Channel,    as  in  an  Eajt- 

*  InHia  Voyage ;  for  if  it  anfwers  to  20,  30,  or  40  Leagues,  the 

*  Reafon  JioWs  good  for  as  many  Thoufand. 

2.  *  The  chief  Property    of  the  Log  is  to  have  it  fwim  up- 
f  right,  or  perpendicukr  to  the  Plane  of  the  Horizon.     This  is  too 

*  often  wanting  in  LogSj  becaufe  but  few  Seamen  examine  whether 

*  it  is  fo  or  no,  and  generally  take  it  upon  Truft,  being  fa  tisfied,  if. 

*  it  weigh  a  little  more  at  the  Stern  than  the  Head.     What  errone* 

*  ous  Reckonings  flow  from  hence  is  but  too  evident  5  for  if  the  Log 

*  docs  not  fwim  upright,  it  will  riot  hold  Water,  neither  remain 
^  flcady  in  the  Place  where  it  is  heaved,  fincc  the  kafl:  Check  of  the 
.«  Hand,  iA  veering  the  Line,  will  make  it  come  up  fcveral  Feet. 
«•  This  repeated,  the  Errors  become  Fathoms,  and  perhaps  Knots, 

*  which,  how  in%nificant  foever  they  may  feem,  are  Miles  and 

*  Parte  of  Miles,  and  amount  to  rtmch  in  a  long  Voyagel 

*  In  ainfwer  to  this,  the  Marine-Surveyor  is  of  fuch  a  Property, 

*  that  there  is  no  Ncceffity  to  take  Care  about  its  fwimming ;  and  it 
«  i$  a  conftant  Truth,  peculiar  to  this  Inftrument,  that  be  the  Ship's 

*  Motionon  the  Water  what  It  will,  whether  ihe  runs  one  Mile  fafter 
^  or  flower  than  another,  yet  all  Ihe  runs,  is  exadly  marked  on  the 

*  faid  Inftrument,  as  appears  plainly  from  fome  Tables  of  Expe- 

*  riments  made  by  me  in  the  River  Thames j  for  obtaining  the  gra- 
5  dual  Increafe  aftd  Decreafe  of  both  Ebb  and  Flood. 

3,  *  The  ftretching  and  (hrinking  of  the  Log-Line^    is  another 

*  great  Error  in  the  Ufe  of  the  Log  5   for  when  a  new  Line  is  firft 

*  ufed,  let  it  be  ever  fo  well  flretched  upon  Deck,  and  meafured  as 

*  true  as  poffible,  it  Ihrinks  after  wetting  confiderably  ;  and  there- 

*  fore  if  we  rely  on  the  Line  run  out  for  the  Ship's  Diftince,  we 

*  ought  to  meafure  ahd*  alter  the  Knots  on  it  every  Hour  before  we 

*  ufe  it ;  but  I  am  we!!  affured  that  this  is  fcldom.done  oftner  than 

*  once  a  Week,  and  fbmetimes  not  above  once  or  twice  in  a  Voyage. 
«  What  great  Dependance  then  is  there  on  a  Reckoning  kept  by 
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the  Log  ?  Since  in  this  Cafe  the  Line  will  flirink  fo,  as  to  add  Miles 
to  the  other  Miftakes  of  every  24  Hours.  Again,  when  the  Line 
is  meafured  to  its  greateft  Degree  of  Shrinking,  it  is  generally  left 
there  ;  and  when,  by  much  Ufe,  it  comes  to  ftretch  again,  it  is 
fcldom  or  never  mended,  although  it  will  ftretch  beyond  what  it 
firft  Ihrunk.  In  (hort,  fuch  are  the  Errors  incident  to  the  Log^ 
that  I  don't  wonder  at  our  Neighbours  the  Dutch  for  preferring 
their  Chips  or  an  irregular  Pulfe  to  it ;  which  conjedural  Reckon- 
ing of  theirs  is  obtained  after  the  following  Manner.  They  fix 
two  Marks  on  the  Side  of  the  Ship  at  a  certain  Diftance,  when  an 
experienced  Perfon,  ftanding  at  the  foremoft  Mark,  throws  a 
Chip  over- board,  and  counts  the  feveral  Beats  of  his  Pulfe,  during 
the  1  Chip's  Paffage  from  one  Mark  to  the  other ;  and  from  thence 
it  is  they  compute  the  Number  of  Miles  that  the  Ship  runs  in  an 
Hour. 

*  As  for  the  Marine^Surveyor^  it  is  not  hove  with  a  Line,  but  is 
tow'd  a  Stern  by  a  Rope  ;  and  let  that  Rope  ftretch  or  (brink  (  be 
long  or  ftiort)  it  is  all  one,  for  the  Inftrument  will  have  the  fame 
true  Revolutions.  Should  it  be  objefted,  that  it  holds  Water,  I 
affirm,  from  my  own  Experiments  of  it,  that  the  Log  hauled  in 
from  5  or  6  Knots,  is  much  heavier  upon  the  Hand  5  and  that  the 
fafter  the  Ship  runs,  the  lefs  Water  this  Inftrument  of  mine  holds, 
becaufe  it  gives  Way  to  the  Water  and  turns  quicker ;  nay,  I  can 
venture  to  fay,  that  it  is  fo  fiir  from  being  any  confiderable  Impe- 
diment to  the  Ship's  Way  that  fhe  does  not  lofe  one  Mile  in  an 
hundred  by  it.  But  (hould  this  Inftrument  be  introduced  into  the 
Navy,  in  cafe  of  chafing  an  Enemy,  or  the  like,  it  may  be  taken 
in  at  any  Time,  and  let  down  again  at  Pleafure. 
4.  '  I  appeal  to  all  Seamen,  if  in  a  moderate  Gale,  when  the  Ship 
runs  5  or  6  Knots,  two  different  Perfons  (every  way  qualified) 
were  to  heave  the  Log  immediately  after  one  another,  whether  they 
would  exadly  agree.  Surely  na  Since  'tis  but  Chance  if  they  do 
fo,  and  is  what  may  not  happen  in  a  hundred  Trials.  I  therefore 
affirm  the  Log  to  be  very  erroneous  on  this  Account,  and  that  the 
Error  frequently  increafes  with  the  Wind ;  for  in  a  ftifF Gale,  when 
a  Ship  has  run  about  8  or  9  Knots  before  the  Wind,  it  has  been 
known  that  two  expert  Seamen  have  hove  the  Log  in  this  Manner, 
and  on  their  comparing  Notes,  they  have  found  a  Knot  Difiwence ; 
fometimes  it  has  been  more,  and  at  others  lefs,  which  muft  cer- 
tainly make  a  ftrange  Confufion  in  the  Reckoning.  Under  this 
Head  I  take  leave  to  obferve,  that  when  the  Log  is  hove,  it  is 
fometimes  in  fo  ftrong  a  Gale,  that  the  Ship  runs  9  Knots  5  but 
before  it  is  hove  again,  there  may  be  fuch  a  Decreafe  of  the  Wind, 
that  for  half  of  the  Hour  (he  may  not  run  above  5  Knots.  Her 
true  Diftance  failed  then,  is  the  Mean  between  the  Extremes  of  9 
and  5  ;   but  this  has  been  fo  far  from  being  confider^d  by  fome 
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*  Cbalkers  ef  the  Log-hard,  that  it  is  but  too  well  known,  the  Ex- 

*  trcmes  have  been  put  for  the  Mean,  and  the  contrary.    Were  there 
'  Truth  in  the  Log,  two  Ships  in  Company  would  nearly  have  the 

*  fame  Account  •,  but  it  is  otherwife ;  for  we  too  often  find  many 

*  Leagues  Difference  in  Reckonings,  even  on  board  the  fame  Ship, 

*  In  a  Word,  fuch  Errors  have  been  found  in  the  Log  by  fome  of  my 

*  Acquaintance,  that  when  they  have  failed  between  a  Meridian  and 

*  a  Parallel,  the  whole  Difference  on  the  Log-board  has  not  proved 

*  Difference  of  Latitude  enough  to  agree  with  their  Obfervation,  al- 

*  though  each  Day  they  had  a  good  obferved  Latitude,  and  no  Cur- 

*  rents. 

*  In  the  Marine-Surveyor  we  are  fo  afTured  of  the  Ship's  Diftance, 

*  that  all  Ships  (hall  all  agree  which  are  in  Company,  as  to  their 

*  Reckonings,  fave  that  fome  Allowance  be  made  for  Difference  of  ' 

*  Judgment  in  the  feyeral  Perfons  who  keep  Journals. 

There  are  feveral  other  Cafes  equally,  if  not  more  momentous 
than  what  I  offer  here,  wherein  the  Marine-Surveyor  will  be  found 
to  have  the  Preference  of  the  Log. 

.  The  following  are  the  Subftance  of  two  Affidavits,  taken  under 
the  Seal  of  the  Royal  Court  at  Guernfey,  by  fome  expert  Seamen, 
who  have  had  Trial  of  my  Inftrument,  viz. 

*  Know  all  Men  by  these  Presents,   that  on  the  30th  of 

*  November  lyiOy  there perfonally  appeared  before  ^/7/wot  L^  ilfor- 

*  chant,  Efq;  ( Judge  Delegate  in  the  Ifland  of  Guernfey,  &cc.  )  Mef-  '  ^ 

*  fieiirs  Jean  Andros,  and  Eieazar  Le  Mar  chant  (Jurats  of  the  Royal 
*.  Court  of  the  faid  Ifland.  ) 

*  William  Ahier^  aged  about  40  Years,  who  commanded  feveral 

*  Privateers  in  the  late  War,  (and  particularly  that  called  La  Cbaffe^ 

*  of  about  150  Tun,  16  Guns,  and  140  Men)  ind  is  now  Matter  J 

*  of  the  Ship  called  the  Eagky  of  which  Veffel  he  is  the  only  Pro- 

*  prietor,  who  voluntarily  makes  Oath,  that  on  Sunday  the  9th  of 

*  OSober  1720,  he  parted  from  Southampton  with  feveral  (Gentlemen 

*  Paffengers  on  board  for  Guernfey  ;  that  he  had  fixed  at  the  Stern 

*  of  his  Ship  a  new  Invention  called  the  Marine-Surveyor,  projeft- 

*  ed,  to  the  beft  of  his  Knowledge,  by  Mr.  Henr^  de  Saumarez,  a 

*  Gentleman  of  the  Ifland  of  Guernfey,  for  correftmg  the  Log,  &c. 

*  That  after  they  had  left  the  Needles,  they  had  a  ftiff  Gale  of  Wind, 

*  attended  with  a  rolling  Se^a,  notwithftanding  which,  the  Machine 

*  worked  as  regularly  as  .if  it  had  been  fmooth  Water,  the  little  Bell 

*  of  it  ftriking  to  every  Mile  the  Ship  run  with  great  Exaftnefs. 

*  And  this  Deponent  further  declares,  that  having  thoroughly  viewed 

*  and  examined  the  Experiment  of  this  new  Invention,  he  finds  it 

*  to  be  not  only  prafticable,  but  preferable  to  the  common  Methods 

*  ufed  at  Sea  for  attaining  the  Ship's  Diftance  failed  -,  that  therefore, 

*  for  the  publick  Good,  he  doth  atteft  the  Truth  of  the  above- 

'  mentioned 
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<  the  Royal  Court  of  Guernfe'j  is  hereunto  affixed  by  us  the  under- 
•  Written, 

*  Signed  by  the  Judge  Delegate  and  Jurats,  as  above-^ 
*  mentioned. 
Here  you  have  fome  Proof  of  the  Ufefulnefs  of  this  new  Invention 
and  that  from  Seamen  of  long  Standing  and  Praftice :  But,  notwith- 
ftanding  thefe  Teftimonials,  I  was  yet  determined  to  have  it  tried 
further :  Accordingly  I  made  a  Prefent  of  one  of  my  Machines  to  a 
Friend  of  mine.  Captain  John  Tboumes^  who  befides  his  Knowledge 
in  the  Theory  and  Pradice  of  Navigation,  was  the  better  qualified 
to  make  Trial  of  it,  in  regard  he  had  fometimes  accompanied  me  in  my 
Experiment  on  the  Canal  in  St  Jameses  Park^  and  in  the  River  Thames. 
As  nc  was  then  going  a  Voyage,  I  intreated  him  to  aft  impartially  with 
me,  and  to  lofe  no  opportunity  in  letting  me  know  how  far,  and  with 
what  Certainty,  my  invention  might  be  depended  on.  Agreeable 
to  my  Requeft,  he  wrote  twice  to  me  on  this  Occafion :  His  firft 
Letter  was  dated  at  Nantes  the  20th  ofOSlober  1724,  and  the  follow- 
ing is  an  Extradt  of  it,  viz. 

*  According  to  my  Promifc,  I  am  to  acquaint  you,  that  I  have 
had  as  favourable  an  Opportunity  as  I  could  have  wilhed  for,  to 
try  your  Marine-Surveyor  5  for  fome  Part  of  my  Voyage  being 
from  St.  Geor^e*s  Channel  to  the  Bay  of  Bifcaj^  I  paffcd  clofe  to 
the  Land's  End  of  England^  with  a  moderate  Gale  of  Wind  at 
North,  our  Courfe  S.  by  E.  When  I  had  the  Land's  End  Eaft  of 
me  about  3  Miles,  I  began  to  reckon,  and  the  next  Morning, 
when  UJhant  bore  Weft,  ^bout  5  Miles  Diftance,  the  Surveyor  had 
made  juft  37  Leagues.  Thefe  two  noted  Headlands,  which  are 
very  near  under  the  fame  Meridian,  differ  in  Latitude  about  33  or 
34Leagues.  As  for  the  Tides,  we  crofs'd  them,  having  in  this  I^un 
two  Floods  and  two  Ebbs  ;  and  as  the  Wind  blew  crofs  the  Chan- 
nel, one  Tide  was  no  more  influenced  by  it  than  the  other,  nor 
could  the  Current  be  any  Impediment  to  the  Trial.  Now  as  to 
our  having  3  or  4  Leagues  more  than  the  true  Diftahce,  the  Rea- 
fon  is  very  plain,  (incc  it  cannot  be  expedted  but  that  a  Sliip  before 
the  Wind  will  deviate  from  her  true  Courfe,  fometimes  one  Way, 
fometimes  another,  in  her  Taws  and  Sheers.  Of  this  all  Seamen 
are  fenfible.  What  I  would  rerpark  from  hence  is,  that  the  Sur- 
veyor  meafures  all  the  little  Travt:fes  exadly ;  'tis  therefore  the  Bu- 
finds  of  the  Navigator  to  allow  for  this,  when  he  works  the  Ship's 
Run.  But  I  cannot  help  obferving  here,  that  a  good  EfFeft  is 
produced  from  thefe  little  Traverfes  being  fo  meafured  i  for  fhould 
we  be  running  boldly  on  the  Land  in  a  dark  Night,  it  forewarns 
us  to  look  out  in  time,  by  marking  fomewhat  more  than  the  true 
Diftance  failed  upon  a  ftreight  Line. 

•  Many  are  the  Advantages  which  accrue  to*  Navigation  by  this 
Invention,  which  I  (hall  not  take  upon  me  to  enumerate  :  In  fliort, 
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the  Sailors.^re  in  love  with  it,  and  when  at  the  Helm,  they  value 

thcmfelves  on  <:halking  more  Miles  than  thole  who  went  before 
them.  For  my  own  Part,  I  am  fo  pleafed  with  it,  that  I  have 
done  with  the  Log.  One  excellent  Quality  I  obferve  in  it,  which 
I  cannot  omic  mentioning,  viz.  That  in  plying  to  Windward 
along  Shore  in  a  dark  Night,  our  ufual  Way,  by  the  Log^  is  to 
(land  two  or  three  Hours  out,  and  lo  many  in  ;  and  here  we  may 
be  a-fhore  before  we  are  aware,  becaufe  in  running  out  we  may 
not  have  had  fo  much  Wind  as  in  running  in ;  or  we  may  have 
reef 'd  Topfails,  fliortened  Sail,  hankered  in  the  Wind,  or  have 
met  with  many  other  Impediments,  which,  by  being  droufy  in  the 
Night,  a  Man  may  fometimes  not  take  Notice  of;  but  it  is  other- 
wife  with  the  Surve'jor ;  for  if  the  Ship  is  hindered  in  her  Way,  it 
will  not  mark  more  Miles  than  flie  has  run. 
«  I  have  fhewed  it  to  fome  curious  Perfons  at  Nantes ,  who  are 
greatly  delighted  with  it.  They  wanted  to  fee  the  Movement 
within,  but  I  fhall  never  grant  that  to  a  Stranger.  I  have  been 
offered  fifty  Piftoles  for  it,  and  might  have  had  more,  would  I 
have  parted  with  it ;  but  I  value  the  worthy  Donor  of  it  too  much, 
to  do  any  fuch  Thing. 

P.  5.  *  When  I  faid  my  Courfe  from  the  Lands-End  to  UJhant 
was  S.  b.  E.  it  muft  be  underftood  that  I  did  not  go  on  the  Outfide, 
but  pafled  within,  between  l7/^^»/ and  the  Main  :  For  in  the  other 
Cafe,  to  pafs  to  the  Weftward,  the  Goyrfe  had  bedn  about  S.  h.  W, 
to  go  clear  of  all. 

The  fecond  Letter,  which  I  received  from  Captain  tboumeSy  in 
relation  to  my  Inftrument,  was  dated  ix  Guernfey  the  fecond  df  5^/>/J 
1725  •,  and  what  follows  is  the  Subftancfe  of  it,  fo  far  as  it  relates  to 
the  Marine-Surveyor^  viz. 

*  I  am  now  fully  confirmed  of  the  Ufefulnefs  of  your  Marine- 
«  Surveyor^  having  tried  it,  this  laft  Voyage  to  Marfeilles  and  Toulon^ 
'  fufficiently  to  perfuade  me,  that  it  is  greatly  preferable  to  the  Logi 

*  Having  in  two  former  Voyages,  in  the  Bay  of  Bifca^'b^n 
«  apprized,  that  the  Ship's  Diftance  failed,  as  obtained  by  tlie  Ma^ 

*  rine-Survejor,  was  really  true,  yet  I  was  obliged  evefy  24 
^  Hours  to  fhorten  the  Diftance  by  a  certain  Proportion,  that  I  gUeft 

*  to  be  near  one  feventh  Part  of  the  Whole  ;  which,  from  the  Bear- 

*  ings  of  Headlands,  (^c.     I  found  conftantly  fo.     However,  to  be 

*  better  fatisfied  of  this  Allowance,  1  wanted  a  long  Run,  near,  or 
«  upon  a  Meridian,  with  good  Obfervations,  which  could  not  be 
«  had  in  the  Bay  or  our  Channels  •,  therefore,  when  I  failed  for  the 

*  Mediterranean^  which  was  in  January  laft",  I  continued  to  make 

*  the  fame  Allowance,  and  cautioned  my  Mate  to  make  it  alfo.  It 
«  happened,  that  for  the  firft  eight  Days,   we  had  hard  Gales  of 

*  foutherly  Winds,    attended  with  violent  Squalls  of  Rain,    and  a 

*  diftraded  Sea,  info  nuch  that  we  tryed  under  a  double  reefed  Main- 

*fail, 
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fail,  great  Part  of  the  Time,  and  drove  to  the  Wcftward,  \vich- 
out  the  Benefit  of  celeftial  Obfervations ;  yet  all  the  While  th« 
Marine^Survejor  ftruck  the  Miles -of  our  Drift,  which  are  to  b« 
fccn  upon  our  Journals  for  every  Hour ;  and  fo  far  did  I  depend 
on  it,  that  I  did  not  order  the  Log  to  be  once  hove. 
«  After  the  bad  Weather,  the  Wind  changed  with  the  New  Moon, 
to  N.  N.  E.  and  N.  E,  with  a  brilk  Gale,  which  gave  us  a  fair  Run 
for  five  Days,  near  50  Leagues  every  24  Hours.  We  had  daily 
Obfervations,  and  our  Courfe  was  near  South.  Here  it  was,  that 
I  found  the  one  fevcnth  of  the  Ship's  Diftance  was  to  be  dedufted 
from  the  whole,  and  that  it  was  for  Taws  and  Sbeersj  which  the 
Marine-Surveyor  marks  exaftly.  After  this  Allowance  was  made, 
fo  well  did  my  Reckoning  agree  with  my  Obfervation,  that  when 
there  was  2  or  3  Miles  difference,  I  rather  imputed  it  to  the  Want 
of  £xa£tnefs  in  my  obfervit^,  or  a  Fault  in  the  Quadrant,  than  to- 
the  Afarine-Sarveyor^  in  regard  my  Mate  alfo  found  it  to  agree  to 
a  furpriztn^  Exa<ftnefs. 

'  Three  Weeks  after  our  Departure,  I  had  the  Misfortune  to  lofe 
the  Fork  of  the  Machine,  and  therefore  was  afterwards  without  the 
Help  of  the  Surveyor ^  till  our  Arrival  at  Toulon ;  which  Place  be- 
ing one  of  the  chief  Nurferies  for  Navigators  that  ferve  the  French 
King,  I  was  the  more  concerned  for  my  Lofs ;  but  I  in  fome  mea-^ 
fure  repaired  it,  by  ordering  a  Smith  to  make  two  luch  Forks,  of 
nearly  the  fame  Dimenfions  and  Turns  in  the  Fins,  as  I  could  re- 
member the  other  had,  which  ferved  there  fo  well,  as  to  gain  the 
Admiratbn  of  all  who  faw  me  try  it.  My  Merchant  was  fo  taken 
with  it,  that  he  defired  me  to  Jhew  it  to  a  Friend  of  his,  a  noted 
ProfcflTor  of  the  Mathematicks  in  i;he  Coll^  of  Jefuits  there.  He 
wis  all  Surprize  at  the  regular  Motion  of  the  Machine  under  Wa- 
ter, and  more  that  it  Ihould  fo  nicdy  determine  the  Diftance  failed  . 
of  any  Ship  or  Boat.  I  fliould  fwell  my  Letter  to  too  great  a  Bulk, 
ihould  I  repeat  the  Converfation  I  had  with  this  Jefuit,  who  im- 
portuned me  much  to  fee  the  Infide  of  the  Clock-work,  offering 
me  what  I  pleafed  for  a  Sight  of  it.  In  a  Word,  I  was  deaf  to 
him,  and  many  other  Gemlemen  of  the  Town,  who  crouded  to 
me  every  Day  on  the  fame  Account,  and  who  were  all  greatly 
pleafed  with  the  Invention. 

*  The  Machine  made  by  my  Diredbions  at  Toulon,  1  ufed  in  my 
Way  home,  and  found  it  to  anfwer  very  well  in  the  Ocean  ;  from 
whence  arifes  diis  Remark,  which  fufiicicntly  (hews  the  Ufefulnefs 
of  your  Invention,  viz.  That  even  rough  ones,  made  by  a  meet 
Cobler  of  a  Smith,  and  turned  by  the  EMredions  of  a  fhort  Me- 
mory, which  I  dare  not  truft  in  many  Things,  are  capable  of  an- 
fwering  the  End  for  which  you  invented,  them. 

*  It  muft  be  noted,  that  though  I  allow  one  feventh  of  the  Ship's 
'  Diftance  for  her  Deviation  from  her  Courfe,  yc5  fome  Ships  are  fo 
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<  built,  that  they  will  ftcer  much  truer,  and  others  worfe  than  ours 

*  did  ;  and  in  this  Cafe  the  Marine-Surve-jor  Ihcws  its  Worth ;  for  if 
«  two  Ships  are  in  Company,  the  one  fleering  well,  the  other  iJl,  the 
«  Latter  mall  have  more  Miles  than  the  Former  on  comparing  their 

*  Run,  although  they  fct  out  from  the  fame  Port,  and  never  part 
«  Company. 

I  fhould  be  wanting  to  my  felf,  if  I  did  not  produce  the  moft 
convincing  Proof  ot  the  Ufefiilnefs  of  this  new  Invention ;  I  (hall 
therefore  add  to  thp  foregoing  Teftimonials,  fome  other  Certificates, 
whereby  it  will  further  appear,  that  the  Marine-Surveyor  has  the 
Preference  of  the  Lo^y  viz. 

*  We  the  underwritten  Matters  of  Ships,  Off.  do  certify  all  whom 
it  may  concern.  That  this  21ft  of  O Sober  1725,  we  accohfipanied 
Mr.  Henry  de  Saumarez  on  board  the  Richard  Yatch,  in  order  to 
make  an  Experiment  of  an  Inftrument  invented  by  him,  called 
the  Marine-Surveyor ;  and  as  by  it  he  propofed  to  afcertain  the 
Way  of  a  Ship  in  the  Sea,  much  more  corredly  than  by  any 
Thing  hitherto  invented  for  that  Purpofe,  we  tried  it  between  Lon- 
don and  Grave/end  with  the  Log  ( which  we  hove  feveral  Times  ) 
to  which  it  appears  to  us  to  have  the  Preference,  for  by  its  conftant 
and  regular  Motion,  the  Ship's  Diftance  failed  muft  be  more  ex* 
a£tly  attained  than  by  the  Log ;  which  being  hove  but  once  in  an 
Hour  or  two,  cannot  be  fo  correft,  in  regard  the  Wind  may  in- 
creafe  or  lefTen  foon  after  the  Log  is  hove,  in  fuch  Manner,  that  it 
entirely  depends  on  him  who  chalks  the  Log-board  to  allow  for  it. 
As  therefore  very  confiderable  Errors  muft  arife  from  thence,  if  a 
proper  Allowance  is  not  made  for  an  Increafe  and  Decreafe  of 
Wind ;  and  as  the  Marine-Surveyor  is  not  fubjeft  to  this,  but 
keeps  a  regular  Motion,  according  as  the  Wind  is  more  or  leis  : 
We  are  therefore  of  Opinion,  that  this  new  Invention  is  not  only 
an  ingenious  Contrivance  in  its  Kind,  but  is  exaftiy  calculated  for 
the  Ends  propofed.     As  witneis  our  Hands  this  21ft  of  Oilober 

r  Michael  Hales^ 
I  Benjamin  Hutchinfon^ 
*  Signed  in  the  Original  j  Jojiab  Hales ^ 

J  Peter  Per  char  d^ 
\Rj)bert  Gamble. 

f*  Thefe  are  to  certify  all  whom  \l  may  concern,  that  I  John  Har- 
ris^ who  have  ufed  the  Sea  for  thirty  Years  paft,  and  who  was  late- 
ly Mate  of  the  William  and  libomas^  bound  from  London  to  Canfo 
in  Atnerica^  was  prefcnt,  when  Mr.  Henry  de  Saumarez  came  on 
board  our  Veflel  and  fixed  an  Inftrument  at  the  Stern  of  her,  call- 
ed the  Marine-Surveyor  J  invented  by  him  for  afcertaining  the  Way 
of  a  Ship  in  the  Sea,  much  more  correftly  than  by  the  Log^  or  any 

*  Method 
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Method  hitherto  in  Ufe  for  that  Purpofe :  And  as  he  defired  us  to 
try  it  with  the  Log^  and  to  make  an  impartial  Report  whether  we 
found  it  preferable  to  the  Log  or  not  •,  I  do  hereby,  in  Juftice  to 
that  Gentleman,  certify,  That  we  kept  our  Reckoning  both  by 
the  Log  and  this  Inftrun^ent,  and  do  find  it  much  preferable  to  the . 
Log^  or  any  Thing  that  has  yet  appeared  to  me  for  attaining  the 
Ship's  Diftance  failed  ;  the  Truth  of  which  I  am  ready  to  teftify 
on  Oath,  if  called  on  to  do  it.  In  witnefs  whereof,  I  have  here- 
unto fct  my  Hand  thb  15th  of  November^  1725. 

r-  Robert  Gamble^ 
Signed  in  the  Prefence  of^  Elijha  Dobrecy 

CJobn  Harris. 

It  may  perhaps  be  alked,  how  I  came  to  produce  a  Certificate 
from  the  Mate,  and  not  fi-om  the  Captain  of  the  fFilliam  aud  Tbo^ 
mas  ?  To  which  I  anfwer,  that  the  Mate  left  the  Ship  at  Plymouth^ 
and  came  to  Town,  fo  that  I  had  an  Opportunity  of  obtaining  his 
Opinion  of  it,  without  the  Captain's,  who  foon  after  his  Arrival  in 
England^  madic  the  beft  of  his  Way  to  the  Ifland  o^Guernfey :  How- 
ever, as  I  had  defired  him  to  try  my  Infiirument  with  the  Logj  and 
impartially  report  to  me,  whether  he  found  it  preferable,  or  not  to 
that  Method  of  obtaining  the  Ship's  Diftance  failed,  he  favoured 
me  with  a  Letter  from  thence :  His  Name  is  Thomas  Picoty  and  his 
Letter  bears  Date  the  i6th  of  November  17255  it  is  in  French^ 
and  the  Subftance  of  it  in  Englijhy  is  as  follows,  viz. 

*  That  he  had  made  ufe  of  the  Marine-Surveyor  in  his  Voyage  to 
Canfo  in  jimerica^  ^nd  had  been  more  than  ordinarily  careful  therein, 
in  order  to  make  a  juft  Report  of  it ;  that  he  had  tried  it  upon  a  Me- 
ridian with  good  Obfervations,  and  found  it  to  anfwer  his  Expefta- 
tion,  and  to  be  preferable  to  the  Logy  particularly  in  rough  and 
ftormy  Weather ;  that  it  had  been  much  admired  by  (everal  Maf- 
ters  of  Ships,  and  particularly  by  Captain  St.  Laey  01  his  Majefty's 
Ship  the  LudloW'Caftley  who  exprefled  a  great  Liking  to  it.  He 
concludes  his  Letter  with  wifhii^  I  had  an  Opportunity  to  perufe 
his  Journals,  whereby  it  would  fully  appear  how  much  my  Inven- 
tion is  preferable  to  the  Log. 
Being  informed,  that  Captain  Henry  Baniell  had  come  over  as  a 
Pafienger  from  Canfo  in  Atnericay  to  Englandy  in  the  aforefaid  Vefiel 
fVilliam  and  Thomas ;  and  being  willing  to  obviate  every  Objeffcion 
that  might  be  brought  againft  the  Marine-Surveyory  I  applied  my 
felf  to  that  Gentleman  for  his  Opinion  of  it,  who  was  pleafcd  to  fend 
me  the  following  Certificate^ 
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<  f^lfpHES  E  are   to  certify  all  whom   it    may    concern,    that  I 

*  JL    Henry  Daniell,   who  have  been  at  Sea  upwards  of  twelve 

*  Tears  ^  firft  as  a  Voluntier^  and  afterwards  as  a  Midjinprnan^  did 

*  lately  come  over  as  a  Pajfenger  in  the  William  and  Thomas,  from 

*  Canfo  to  Plymouth,   in  which  Vejfel  there  was  an  Injtrument  fixed 

*  at  the  Stern  of  her^  called  the  Marine -Surveyor,  invented  iy  Mr. 

*  Henry  de  Saumarez,  for  afcertaining  the  ff^ay  of  a  Ship  in  the  Sea  y 

*  and  as  that  Gentleman  has  applied  to  me  for  my  Opinion  of  it,  I  do 

*  hereby  certify j  that  we  found  it  much  more  correSl  than  the  Log  ; 

*  and  that  in  a  Gale  of  Wind^  cmr  Reckoning  by  it  agreed  with  our  Ob- 
«  fervation,  which  the  Reckoning  by  thehogfeldom  did^  And  I  muftj 
'  in  Juftice  to  that  Gentleman^  fay^  that  we  kept  our  Reckoning  both  by 
«  bis  Infirument  and  the  Log,  and  found  it  much  preferable  thereto^  or  ta 

*  any  other  Method  for  obtaining  the  Sbip^s  Diftance.    In  witnefs  where* 

*  of^  I  ba^e  hereunto  fet  my  Hand  this  /^h  of  December  1725. 

Henry  Danielt 

Continued  h        2.  F  reprcfents  my  Boat  on  the  Canal  in  St.  James*s  Parkj  through 
the  fame.  N^.  ^^  Rudder  of  which  a  fmall  Spindle  pafles  ( in  an  Iron  Pipe )  of 

Pi^' 2  V'  "^^^^^  ^  ^  ^^  ^^^  Length.  To  the  Point  Gare  faftened  the  four 
»g-  202-  jj.Qj^  pjj^^  Qj.  Flyers,  A,  B,  C  and  D,  in  the  Form  of  a  Square, 
the  Bars  D  B  and  A  C,  to  which  they  are  fixed,  lying  in  a  hori- 
zontal Pofition.  Thefe  Flyers  are  fo  contrived  as  to  have  full  Play 
in  any  Motion  of  the  Boat.  To  the  Point  M,  which  is  the  upiper 
Part  of  the  Pipe  and  Spindle,  is  fixed  the  Dial  E :  Now  the  Boat 
being  pur  in  Motion,  the  Flyers  move  accordingly,  which  pmpor- 
cionally  aflFefting  the  Spindle,  the  Motion  is  thereby  communicaoed 
to  the  Dial,  which  may  be  fitted  to  ftrike  the  Miles  or  Leagues  that 
the  Veffel  runs. 

Fig.  203.  But  to  defcribe  the  firft  Movement  of  this  Machine  more  exaftlf. 

Fig.  203  rcprefents  it  unfixed.  The  Crofs,  or  Bars  DB  and  AC, 
as  I  faid  before,  lie  -ftat,  or  in  a  horizontal  Pofition  ;  the  Arbor  or 
Spindle,  which  is  perpendicular  thereto,  fcrews  into  the  Point  G,  and 
pafles  through  an  Iron  Pipe  to  the^  Dial,  in  manner  aforefaid.  The 
Flyers  A,  B,  C  and  D  being  fitted  to  move  in  any  Motion  of  the 
Boat,  the  Bars  are  accordingly  affefted.'  This  Inftrument  is  fo- con- 
trived, that  two  of  the  Flyers  on  one  Side  (hall  always  refift  the  Wa* 
ter  in  the  Motion  of  the  Veffel,  whilft  the* other  two  give  way  in 
their  Turning.  The  refitting  Flyers  in  this  Figtire  are  A  and  B, 
and  D  and  C  will  be  ths  fame  when  they  come  into  their  Pofition  ; 
for  they  refift  and  give  Way  alternately  fo  long  as  the  Motion  con- 
tinues, which  is  always  circular  j  and  fo  truly  does  it  revolve,  that 
be.the.  Motion  fwift  or  flow,  in  any  meafured  Diftance,  the  Number 
of  Revolutions  will  be  equal. 

This 
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This  is  the  Machine  which  I  firft  tried  on  the  Canal  in  S.yamfi*s 
Park^  which  I  chofe  the  rather  to  do,  in  ^gard  I  found  it  to  anfwer 
very  well  in  all  my  Experiments.  And  1  am  yet  of  Opinion,  that 
it  would  be  an  ufeful  Inftrument  to  determine  the  Strength  of  die 
Tides  on  our  Sea  Coaft,  which  if  marked  in  our  Charts,  might  prove 
advantageous  to  our  Commerce.  But  confidering,  that  though  this 
Projedion  might  be  ferviceable  in  Barges,  Pleafure-Boats,  or  other 
Veffels,  in  fair  and  moderate  Gales  of  Wind,  yet  it  might  prove  ufe- 
Jefs  in  boifterous  and  ftormy  Weather,  and  in  long  Voyages,  when 
it  might  be  choaked  with  Weeds  5  I  therefore  fixed  to  my  other  In- 
vention the  Fork,  which  is  contrived  in  fuch  a  Manner,  that  I  will 
even  yet  be  fo  bold  as  to  affirm,  it  fliall  determine  the  Ship's  Way 
in  a  Storm,  or  when  Ihe  is  fcudding  before  the  Wind,  when  the  Log 
is  incapable  of  it.  As  the  Canal  would  not  allow  me  to  try,  with 
any  Certainty,  my  Iron  Forks  there,  I  was  obliged  to  have  fome 
made  of  lighter  Materials,  which  fecmed  to  anfwer  fomewhat  near 
the  Truth,  and  made  me  fo  fanguine  as  to  believe,  that  they  would  v 
have  an  equal  Number  of  Revolutions  in  the  fame  Diflance,  even 
though  the  Motion  of  the  Boat  was  fwift  or  flow  between  Marrk  and 
Mark.  I  muft  here  do  my  worthy  Friend  Dr.  JOefaguliers  (who 
frequently  honoured  me  with  his  Company  in  the  Experiments  of  the 
aforefaid  Invention  )  the  Juftice  to  own,  that  he  diffented  from  me  m 
this  Particular,  in  regard  he  faid  the  Forks  muft  have  different  Pofi- 
tions,  according  to  the  Velocity  of  the  Veflel  to  which  they  were 
fixed,  and  confequently  could  not  ha^  an  equal  Number  of  Revo- 
lutions in  fwift  and  flow  Motion. 

Whilft  I  was  confidering  where  to  carry  on  my  Experiments  to 
prove  the  Verity  of  my  Inftrument,  and  to  anfwer  this  Objeftion^  I 
had  the  Honour  to  be  introduced  to  the  late  ingenious  Samuel  Moly- 
peuxy  Efq;.  As  he  was  ever  ready  to  encourage  all  laudable  Defigns, 
and  particularly  fuch  as  were  calculated  for  Publick  Good^  he  foon 
became  my  Patron:  And  as  he  was  then  one  6f  the  Loirls  Com- 
miifioners  of  the  Admiralty,  and  my  Machine  fell'  Within  his  Pro- 
vince, hcexprefTeda  Defire  to  fee  art  Experiment  of  it  on  the  River 
Thames;  Accordingly  I  fliewed  to  him,  and  feveial  of  the  principal 
Officers  and  Commiffioners  of  his  Majefty^s  TV^w,  the  Nature  and 
Ufe  of  it  between  London  and  tVoolwlcB^  when  he  feemed  to  be  of 
the  fame  Opinion  with  Dr.  DefaguUers^  viz.  Whether  in  a  certain 
Diftance,  and  in  different  Motions  of  rh©  Vcffel,  the  Inftrument 
could  revolve  equally.  Hereupon  he  advifed  me  to  take  a  Trip 
over  to  Holland^  and  to  try  my  Machine  with  the  Log^  in  my  Paf- 
fage ;  as  alfo  throughly  to  examine  the  Truth  of  his  Objection  on  the 
long  Canals  in  that  Country,  where  there  was.  little  or  no  Tide  or 
Current.  ,    .  ,   ' 

Accordingly  I  had  Orders*  to  embark  on  board  t\\tTVilUam  and 
Afory  Yatch.    My  Machine  being  fixed'  at  the  Stern  of  this  VelTcl, 

we 
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we  kept  her  Run  both  by  ic  and  the  L0|.  On  the  niceft  Calculation, 
in  our  Paffage  over,  the  Difference  between  us  was  2  Miles  an  d 
2640  Feet:  At  this  I  was  in  no  wife  furprifed  5  for  as  I  knew  the 
hog  to  be  very  erroneous,  and  I  undertook  to  correft  the  Errors  of 
it  by  my  Inftrunient  ( in  the  Truth  of  which  I  might  then  be  too 
forward,  as  too  many  are  on  fuch  Occafions  j  I  was  affurcd  wc 
could  not  agree  •,  and  therefore  I  charged  the  Difference  accord- 
ingly. 

Among  the  confidetable  Company  on  board  the  Yatch,  we  had 
a  curious  Gentleman,  Captain  Lynjlager^  Commander  of  one  of  the 
Dutch  Men  of  War,  who  fcemed  not  a  little  pleafed  with  my  Con- 
trivance i  and  no  fooner  did  he  land  in  Holland^  but  he  fpoke  of  it 
to  fome  Gentlemen  of  the  higheft  Rank  there,  whofe  Curiofity  in- 
duced them  to  defire  to  fee  an  Experiment  of  this  Invention :    Ac* 
cordingly  I  was  fent  for  to  the  Hague^    and  on  the  Canal  there, 
before  Baron   Hop^    Baron    JVaJfenaar^    Admiral    Somelfdjk^    Mr. 
s'Gravefand  (Profeffor  of  the  Mathematicks  in  the  Uriiverfity  of 
Le'jden )  Captain  Lynjlager^  C^c.  we  run  a  certain  Diftance  in  fwift 
and  flow  Motion,  in  order  to  fee  if  the  Inftrument  would  have  an 
equal  Number  of  Revolutions  therein.    In  runnbg  up,  it  revolved 
2300  Times,  and  in  coming  down  2060,      Here  then  was  enough 
«  to  convince  me,  that  Dr.  Defaguliers^  and  Mr.  Molyneux,  had  judg- 
ed truly  of  the  Fork ,    and  more  efpecially  lince  the  learned  Mr. 
i^Gravefand  joined  in  Opinion  with  theni ;  who  notwithftanding  en- 
couraged me,  by  telling  me  my  Labour  was  not  in  vain,  for  that  die 
Inftrument  might  ftill  be  of  good  Service,  by  making  Tables  to  rec- 
tify the  different  Revolutions. 

An  Opinion  ftrongh  indulged  is  rarely  parted  with  ;  the  Truth  of 
which  I  find  in  my  lelfj  for  although  Dr.  De/aguliersy  Mr.  Moly- 
neux,  and  Mr. /Gr^T;/?/i»i  did  jointly  agree  as  to  this  Invention,  yet 
ftill  did  I  entertain  fome  flender  Thoughts,  that  it  muft  anfwer  the 
Purpofe,  in  the  Manner  I  had  proposed.  For  when  I  confidercd, 
that  I  had  two  Fathom  of  Rope  out  on  the  Dutch  Canal,  which  was 
but  5  or  6  Feet  Deep,  and  that  the  Fork  of  my  Machine  weighed 
about  three  Pounds,  or  three  and  a  half,  and  was  two  Feet  and  a  half 
in  Length,  I  thought  it  not  unreafonable  to  fuppofe,  that  its  Weight, 
in  the  floweft  Motion  of  the  Veffel,  might  occafion  it  to  ftrike 
Ground,  and  confequently  impede  its  Motion,  and  leflen  the  Mo- 
tion, and  leffen  the  Number  of  Revolutions  as  above.  Of  this  [ 
had  been  fully  fatisfied  whilft  in  Holland  i  but  fearing  to  lofe  my 
Paffage  in  the  Yatch,  on  Board  of  which  I  had  embarked  by  Order 
of  the  Lords  Commiflioners  of  the  Admiralty,  /I  was  obliged  to 
haften  over. 

Not  long  after  I  came  to  England  died  my  worthy  Patron  Mr. 
Molyneupcy  in  whom  all  Men  of  Learning  and  Ingenuity  loft  a  Friend ; 
and  as  theac  was  now  but  little  Hope  of  my  going  over  to  Holland 

in 


An  Account  of  the  Marine-Survey  on  459 

in  the  Manner  I  had  done  before,  I  was  notwithftanding  refolvcd 
to  take  that  Journey  at  my  own  Expence  ;  and  accordingly  did  fo, 
where  I  no  fooner  be^an  my  Experiments,  but  I  was  convinced  of 
the  Truth  of  the  Objedions  of  the  three  learned  Gentlemen  afore- 
mentioned, which  \%  plainly  made  appear  from  the  following  Fi- 
gure, wherein  the  Pofition  of  the  Fork,  in  five  different  Motions  of 
the  Veffel,  is  reprefented,    5^^  Fig.  204.  Fig.  204. 

This  needs  no  Explanation,  for  it  plainly  appears,  that  the  Pallets 
will  be  more  or  lefs  affected  by  the  Refiftance  of  the  Water,  accord- 
b^  to  the  Pofition  they  are  in  ;  and  therefore  the  Revolutions  in  a 
fwift  or  flow  Motion,  in  the  fame  Diftance,  cannot  be  equal. 

Being  now  fully  perfuaded,  that  the  Fork  would  not  revolve  equal- 
ly in  the  fame  Diftance,  and  in  different  Motions  of  the  VefTel,  I 
now  began  to  repair  this  Defe6t  by  calculating  fome  Tables,  which 
render  it  ftill  a  very  ufeful  InftrumenL  On  what  Foundation  I  form- 
ed thefe  Tables,  there  will  be  no  need  for  me  to  mention,  fince  I 
fliall  go  on  CO  fliew  what  further  Improvements  I  have  made  of  this 
Inftrument,  and  that  it  is  now  every  Way  ufeful  without  them.  And 
this,  I  think,  I  cannot  better  do,  than  by  entering  here  the  Extraft 
of  a  Letter  to  Dr.  Defaguliers  from  a  learned  Mathematician  of  Hol- 
land^ whole  Company  I  was  honoured  with  feveral  Times,  whilft  I 
was  making  my  Experiments  on  that  Side,  viz. 

*  Mr.  De  Saumarez  having  defired  me  to  acquaint  you  of  the  Suc- 

*  cefe  of  the  Experiments,    which  I   have  feen  him  make  of  this 

*  Machine,  for  the  meafuring  the  Way  of  a  Ship  in  the  Sea,  it  is 

*  with  Pleafure  I  undertake  it,  fince  I  am  fully  perfuaded  you  will 

*  not  be  wanting  to  contribute  all  in  your  Power  to  promote  an  in- 
^  vention  fo  ufeful  and  advantageous  as  this  is. 

*  The  firft  Experiment  that  1  attended  was  with  an  >ronFork,  fuch 

*  as  the  Gentleman  himfelf  hath  defcribed  in  the  Philofopbical  Tranf- 

*  Anions,  when  the  Number  of  Revolutions  were  more  in  the  fwifc 

*  than  in  the  flow  Motion  of  the  Boat,  whereon  we  tried  this  inftru- 

*  ment.     This  I  take  to  be  owing  to  the  different  inclinations  of  the 

*  Machine  ;  which  were  more  Horizontal,  according  as  the  Motion 
«  of  the  Boat  was  more  fwift ;  from  whence  we  concluded,  that  it 

*  would  be  necelTary  to  help  this  by  fome  Tables  calculated  for  die 

*  Purpofe :  Since  which,  Mr.  De  Saumarez  hath  accordingly  form- 
«  ed  fuch  Tables ;  but  as  I  was  not  prefent  at  the  Experiments  where- 
«  on  they  are  founded,  I  leave  you  co  the  Gentleman  himfelf  to  give 

*  you  an  Account  thereof. 

*  I  have  alfo  made  another  Experiment  with  Mr.  De  Saumarez^ 

*  upon  a  new  Corredtion  of  hb  Machine,  which  he  will  better  explain 

*  to  jou,  when  you  fee  him,  than  I  can  defcribe.     Here  he  has  con- 

*  trived  the  firft  Movement  of  his  Machine  to  lie  Horizontal  under 

*  the  Water  ;  and  fuch  was  our  Succefs  in  this  Experiment^  that  I 

*  make  no  more  dopbt  of  the  Ufefulncfs  of  this  invention,  which  I 

'  look 
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cold  Weather  was  fo  far  fee  in,  that  ic  would  not  allow  me  to  make 
more  Experiments  than  I  did  on  that  Side,  I  hope  foon  to  make  ic 
appear,  that  the  Revolutions  are  cxadly  equal  in  this  new  Improve- 
ment of  the  Fork. 

P.S.  I  have  been  lately  endeavouring,  to  make  a  further  Improve- 
ment in  Navigation,  whereby  I  propofe  to  make  a  Ship  work  far 
better  to  Windward,  than  ic  is  poffible  for  the  mod  Weatherly  one^ 
to  do  at  prefent ;  as  alfo  to  make  them  tack  and  ware  in  mucli  lefs 
Room  chan  is  generally  done  on  fuch  Occafions.  The  Advantages 
arifing  from  fuch  a  Projedion,  if  it  proves  practicable,  muft  be  con- 
fiderable  ;  For  i.  Ihe  Ship  which  is  in  Danger  of  a  Lec-lhore 
will  hereby  be  enabled  to  weather  the  Point  (he  may  want,  and  not 
be  forced,  in  ftormy  Weather,  to  anchor  in  the  very  Breach  of  the 
Shore,  and  even  in  the  Jaws  of  Deftrudlion.  Of  this  we  have  had 
too  many  melancholy  Inftances,  where  feveral  Lives  and  Fortunes 
have  been  loft  -,  Difafters  of  which  kind,  it  is  humbly  conceived, 
may,  in  a  great  Meafure,  be  prevented  by  this  Invention.  2.  Hence 
we  need  not  fear  to  get  the  Weathergagc  of  an  Enemy  ;  for  by  ply- 
ing to  Windward  much  fatter  than  he  can,  and  by  tacking  and  war- 
ing in  much  lefs  Compafs,  I  can  either  leave  him,  or  continue  to  en- 
gage him»  as  fliall  appear  moft  convenient:  At  leaft  I  can  fo  foend 
the  Day,  as  to  be  able  to  fecarc  my  felf  under  the  Covert  of  the 
Night ;  or  if  I  chance  to  be  near  the  Land,  I  may  hereby  be  en- 
abled to  gain  a  fafe  Harbour.  3.  By  this  Invention  th«  wild  Steer- 
age which  is  too  frequently  made  in  fome  Ships,  will  be  prevented, 
which  all  Mariners  muft  allow  to  be  of  Service,  efpccially  in  chafing, 
or  being  chafed  by  an  Enemy  ;  as  well  as  in  their  keeping  the  Reck- 
oning of  the  Ship's  Way,  6f r. 

XL  Thb  Inftrument  contains  four  principal  Parts,  viz.  a  Frame,  m  DefcHpti" 
an  Index,  a  Label,  and  a  Shield ;  and  thefe  confift  of  feveral  Parts,  on  of  a  mw 
The  Frame  has  two  Parts,  one  a  graduated  Arch  of  30  Degrees,  Qn^^rant/^r 
each  Degree  being  fubdivided  into  fix  equal  Parts  ;  the  other  a  Chord  (udeTw//^^ 
of  an  Arch  of  60^,  divided  into  two  equal  Parts  ( at  the  Extremities  a  HoHzon, 
and  in  the  Middle  of  which  arc  Holes  or  Stops  for  the  Label)  toge-  either  at  Sat 
ther  making  90^  or  a  Quadrant.     The  Index  turns  upon  the  Center  ^  ff^f^^^    />»- 
of  the  Frame  the  whole  Compafs  of  the  Arch,  and  has  three  Parts  \  jX  £Uo^' 
viz.  a  Nonius  Plate,  an  Eye-Vane,  and  a  Tube.    The  Nonius  Plate  ^o.  423.^p! 
moves  with  the  Index,  and  fubdivides  each  of  the  fmall  Divifions  of  273. 
the  Arch  inta  ten  equal  Parts  or  Minutes.     The  Eye- Vane  is  to  look  F*«-  ao6^ 
through  in  forward  Obfervations.     The  Tube  is  to  fhew,  when  the 
Index  is  horizontal.     The  Label  moves  upon  the  Center  of  the  Frame 
the  whole  Compafs  pf  the  Chord  of  the  Arch  of  60**,  having  three 
fixed  Stations  thereon,   at  30^^    60®,   and  90^,    and  contains  twa 
principal   Parts  j,  viz^  a  Lens,  and  a  Lanthorn.     The  Lens  is  to 
form  the  Sun's  Image  upon  the  Shield.     The  Lanthorn  is  necelTary 
VoL.VL  Ooo      '  in 
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ifl  Nofturnal  Obibrvations.     The  Shield  is  fixed  in  the  Center  of 
the  Frame,  and  has  three  Parts;   viz.  an  Azimuth  Tube,  a  Ho- 
rizontal Tube,  atKl  an  Axis^,  or  in  backward  Obfervations  a  Ray- 
Plate.     The  Hole  in  the  Shield  is  to  receive  the  Sun's  Fmage<    The 
Azimuth  Tube  is  to  direft  the  Plane  of  the  Inftrumtfnt  perpendieu- 
lar.      The  Horizonral  Tube  is  to  fhew  when  the  Label  is  l^vel. 
The  Axis  is  (o  cut  the  ObjedV  in  forward  Obfervations. 
RuU  for  either      ^^  ^^^  Altitude  does  riot  exceed  30^,  the  Label  moft  bepfaced  at 
backward  or     the  Station  on  the  Radius  or  longcft  Limb  of  the  Quadrant ;  if  thtf 
forwardObfer-  Altitwte  is  between  30^  and  60^,  at  the  middle  Station  ;  and  if  the 
vatiom.  Altitude  exceed  60^  at  the  uppermoft  Station. 

To  take  the  This  is  done  without  ufing  the  Sight- Vane  of  Horizontal  Tube  on 

Sun's  Altitude  the  Shield.  Hold  the  Quadrant  with  both  Hands  in  fuch  a  manner 
ha  backward  ^j  jg.  apteft  for  keeping  it  fteady,  the  Back  of  the  Arch  being  tbrn- 
uyervatm.    ^^  ^^^^^^  ^^  ^^      ^^^^  ^^^  g^y^j^  ^^  ^^^  Azimuth  Tube  is 

bnought  uftdci'  the  Hole  in  die  Shield,  caufe  the  Sun*s  Image  to  fi\\ 
on  the  Hole  in  the  Shield,  fo  that  it  may  reft  in  the  Center  of  the 
Sun's  Inlag^  5  the  Inftanc  the  Azimuth  Tube  and  Sun's  Image  arc 
thus  regulated,  fee  if  the  Babble  in  the  Horizontal  Tube  on  the  In- 
dex  ( which  *tiU,  then  is  difregardcd  ;  leaves  the  open  End  of  the 
Tube,  Of  ftopfe  any*  where  clear  of  the  Ends  of  the  Tube  :-  If  thefe 
happen  at  the  fame  Juncture,  the  Altitude  is  then  truly  tafken  5  but 
if  the  Bubble  had  rctas^ined  in  the  enclofed  End  of  the  Tube,  when 
the  Azlitiuth  Bubble  and  Sun's  Infage  were  regulated,  the  Indent  muft 
have  been  (lid  up ;  and  if  tarried  in  the  open  End,  moved  dovrti, 
until  the  Hodzontal  BubWe  on  the  Index  quit  the  open  End  of  the 
Tube,  or  ft©p  between  the  Ends,  as  was  before  obferved  \  arid  thtfi 
is  the  Quadrant  fet.  In  continuing  the  Obfervation  for  a  Meridian 
Altitude,  the  Quadrant  being  fet,  as  the  Sun  rifes,  the  Horizon- 
tal Bubble  on  the  Index  will  not  qliit  the  open  End  of  thdTube, 
or  ftop  between  the  Ends,  but  hang  there,  or  leave  it  afVer  the' 
Azimuth  Bubble  and  Sun's  Image  have  been  regulated,  Which  will 
require  the  Index  to  be  continually  moved  down  in  order  to  keep 
the  Quadrairit  fet.  When  the  Sun  is  up,  or  on  the  Meridian ,  thd 
Quadrant  Will  remain  fet  for  fome  Time  ;  and  on  the  Sun*s  falling, 
the  Horizontal  Bubble  will  have  a  revetfe  Tendency  iricHYiirig  or  run- 
ning wholly  to  the  enclofed  End  of  the  Tube. 
^V^l'^  In  this  Method,,  the  Lens  and  Tube  on  the  Indeit  are  difregarded, 

fun^^'sfan  ^^'^  *®  Quadrailt  vertical,  and  looking:  through'  the  Eye- Vane, 
b^afittfford  diiieft  the  Axis  or  upper  Edge  of  the  Shield  t6  the  Siin  or  Star  ;  if 
Obfervation.  the  A-xis  cut  the  Sun  Or  Star  at  the  fame  Inftant  that  iht  Bublxfe  in 
the  Horizontal  Tube?  on  the  Shield  quit  the  opto  End,  th*  Altitude 
IS'  then  truly  taken,  and  the  Quadrant  fet.  Bitt  if  it  fhoiild  leave 
the  open  End  of  the  Tube  before  the  Axii^  or  uppei*  Edgef  of  th6 
Shield  cut  the  Sun  or  Star,  then  the  Eye^-Vante  ( of  Which  is  the 
fame^  the. Index)  mud  be  Aid  down ;  and  'li  it  remain  at  the  open 

End, 
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End,  or  quit  it  when  the  Axb  is  above  the  Sun  or  Star,  vMfvtA  up 
UQtil  the  Qaa(}rant  is  fet.  In  .concinuing  the  Obfervation  for  a  Meri- 
dian Altitude,  as  the  Sun  or  Star  rifes,  the  Bubble  in  the  Horizontal 
Tube  will  always  quit  the  open  End  of  the  Tube  before  the  Axis  cut 
the  Qbjeft  ;  fo  that  to  keep  the  Qjadranc  fet,  the  Eye- Vane  muft  on 
every  luch  Alteration  be  conftantly  moved  down  ;  while  the  Sun  or 
St^  is  on  the  Meridian,  the  Quacjrant  will  remain  fet ;  and  when  <1ic 
Sun  or  Star  falls,  the  Bubble  wilj  aft  contrary  to  what  it  did  in  the 
rifing,  refting  wholly  in  the  open  EiKl  ^  the  Ttjfee. 

Turn  the  Back  of  the  Arch  toward?  the  Sun,  and  caufe  the  Sun's  ^^  ^^^^  ^^^ 
Image  to  fall  on  the  Hole  in  the  Shield,  at  the  fame  time  looking  ^^^^^v  Altitudi 
throijgb  the  Eye- Vane,  cut  tlic  Horizon  with  the  Axis.  toUb  the  Hq^ 

N.  B.  In  taking  the  Altitude  of  the  Stars,  a  fmall  Light  muft  be'^^'^*- 
-fixed  in  tfaeiLanthom  *,  the  lefe  the  better.  U  will  be  beft  in  forward 
Obfervatiohs  of  the  Sun,  to  take  the  Altw^e  of  the  upper  Limb, 
allowing  for  the  Semidiamerer  ;  and  wlien  the  Sun  is  very  clear,  take 
his  Altitude  by  a  backward  Obfenration,  the  forward  Method  be- 
ing GJueAy  intended  for  Nodurnal  Obfervations,  and  when  the  Sun 
is  too  much  obfcured  to  give  any  Shade  or  Image. 

TJFiere  was  at  ^the  fame  Tirjie  laid  before  the  SociePj^  •  An  Ex- 
•waft  made  by  Mr.  Elton  of  Obfervations  of  the  Latitude  from 
■*  the  journal  of  Captain  Walter  Hoxton^   Commander  of  the  Ship 

*  Baltimore  from  the  River  of  Thames  to  Maryland  on  die  Continent 
^  of  Amerieay  by  Dtivish  ( or  the  common )  Quadrant  with  the 
>  Horizon,  and  by  Mr.  Elton*$  ( a  new  invented  Quadrant)  with- 

*  out  the  Hof iron,  A  D.  1730.  ** 

From  this  Extraft  it  is  obfervable,  that  in  moderate  Weather 
the  Difference  of  the  Obfervations,  made  by  the  two  Sorts  of  Qua- 
drants, was  commonly  no  more  than  i';  with  ftrong  Gales  ami  a 
large  Sea  5';  in  fair  Weather  •,  in  hard  Squalls  ;  the  Sea  running 
high,  6' ;  in  eafy  Gales  9'  5  in  fair  Weather  and  a  large  Swell  16'  v 
once  in  fmooth  Water  i6'i  and  the  greateft  Difference  of  all  was, 
with  frefti  Gales,  21':  And  this  Difference  ^«as  conftantly  found  to 
fiive  the  Latitude  more  Northerlv  by  Mr.  Elton's  Q.^iadrant  ihaniy 
Lfhvt5^i\  as  In  tliTs  laft  mentionea  Inftance  the  Latitude  appears  to  be 
35^  39'  N.  by  Davis\  when  Mr.  Elton^s  makes  it  36®  N.  There 
is  a  Note  added  by  Captain  Hoxton  at  the  End  of  this  Journal ; 
viz.  That  the  Difference  at  different  Times  between  Davis*j  and  Elton*^ 
^adrants  is  occafioned  by  Jfoifting  the  Shade-Vane  of  Davis'i. 

To  this  Journal  were  annexed  fome  *  Obfervations  of  the  Latitude 

*  by  the  fixed  Scars  in  the  forefaid  Voyage  by  Mr.  Elton^s  Quadrant, 

*  without  ufing  the  Horizon.  ** 

TJicle  £)bfervations  are  generally  taken  from  two  Stars,  and  the 
Latitude  calculated  from  each  Obfervation  •,  and  fo  they  are  found  to 
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CHAP.     VIII. 

Architecture,  Ship-building. 

I.  rTTi  A  K  E  15  Bufhels  of  irefti  Pit-fand,  well  fifted  ;  add  chere^  ^^  Method  f 

X    to  15  Buflicis  of  Scone  Lime:  Let  it  be  moiftcned  or  flack-  making  the 
ed  with  Water  in  the  cx)mmon  manner,  and  fo  laid  2  or  3  days  toge-  heft  Morwrat 
then     Then  diflblvt  20  Pound  of  Jaggery^  which  is  coarfe  Sugar  ^*^^^^^'^> 
(or  thick  Molaffes  )  in  Water^  ^hd  fprinkling  this  Liquor  oyer  the  Pyke/V^;"^ 
Mortar,  bear  it  up  together  till  till' be  well  niixed  and  incorporated^  Govermurof 
and  then  let  itt.lie  by?  in  a  Heap.     Then  bAi!  a  peck  of  Gramm  St.  Helena, 
(which  is  a  fort  of  Grain  like  ft  Tart^  or  between  that  and  a  Pea  )  ^''-  4^2.  p. 
to  a  Jelly,  and  ft  rain,  it  off,  through  a  coarfe  Canvafs,  and  preferve  ^^'' 
the  Liquor  that  comes  from  it.     Take  alfo  a  Peck  of  Myrobalans 
and  boil  them  likcwife  to  a  Jelly,  preferving  tliat  Wacer  alfo  as  the 
o.th?r.;  ^nd  if  you  have. a  Veflel  lai^e  eAough^  yoo  may  put  tiicfe  3 
Waters  together  i   that  is,  K^itjaggery-H^ater^  thp  Gram-'IVaier  and 
th^  Myrobtflt^ns.     The  Indians  ufmily  pAt  a.fmall  quantity  of  find 
Lime  therein,  to  keep,  tbcir  Labourers  from,  drinking  of  it.  .The 
Mortar  beat  up,  and  when  too  dry,  fprinkled  with  this  Liquor, 
proves  extraordinary  good  for  laying  Brick  or  Stone  therewith,  keep- 
ing fome  of  the  Liqupr  always  at  Hand  for  the  Workman  .to  wet  his 
Bricks  therewith ;  andif  thi§  Liquor  proves  too  thick,  dilute  it  with 
frefh  Water.  Obferve  alfp,  tbat  the  Mortar  here  koocioniy  tx>  be  well 
beaten  and  npixed  together,  but  alfo  laid  very  well,  and  every  Brick, 
or  Piece  of  Brick,  flu(hed  in  with  the  Mortar,  and  every  Cranny 
filled  up,  yet  not  in  thick  Joints^  like  the  common  Englijh  Mortar  5 
and  alfo  over  every  Courfc  of  Bricks,  fome  to  be  throwcd  on  very- 
thin:   And  where  the  Work  hath  flood,  though  but  fofu  Break* 
faft  or  Dining- time,    be/ore  you  begin  again,  wet  ic.wcU  with'thi» 
Liquor,  with  a  Ladle,  and  then  lay  on  your  frefh  Mortar  •,*  for.  this 
Mortar,  notwithftanding  its  being  thus  wetted,  dries  much  fooner 
than  one  not  ufed  to  it  would  conceive,  but  efpecially  in  hot  Weather^ 
For  fome  very  ftrong  Work,  the  fame  Mortar  above  is  improved  as 
follows.     Take  coarieTow  and  twift  it  loofely  into  Bands  as  thick 
as  a  Mans  Finger  ( in  England  Ok -h^ir  is  ufed  inftead  of  this  Tow^ 
then  cut  it  into  Pieces  of  about  an  Inch  long,  and  untwilbit  fo  as  to 
lie  loofe ;  then  ftrew  it  lighdy  over  the  other  Mortar,  which  is  at  the 
fame  time  to  be  kept  turning  over,  and  fo  this  Stuff  to  be  beat  into 
it,"^  keeping  Labourers  continually  beating  it  in  a  Trough,  and  mix- 
ing it  till  it  be  well  incorporated  with  all  the  Parts  of  the  Mortar. 

And 
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And  whereas  it  will  be  fubjeft  to  dry  very  faft,  it  muft  be  frequently 
foftned  with  fome  of  the  aforefaid  liquor  of  J  agger j^  Gratn^  and 
M\robdans^  and  fome  frefb  Water  ; .and  ^bcn  it  is  fo  moiftcned  and 
beat,  it  will  mix  well,  nrtd  with  this  Aty  build  (though  it  be  not 
ufual  to  build  common  Houfe- Walls  thus)  when  the  Work  is  in- 
tended to  be  very  ftrong  ;  as  for  inftance,  Madrafs  Church  Steeple^ 
that  wiii  bgiJdifig  .wbefi  I  wa&.laflt  iherc,'  and  alfo-  fir  fome  Orna- 
ments, as  Columns,  good  arched  Work,  or  Imagery  fet  up  in  Gar- 
dens, it  is  thus  made.  Though  for  common  Buildings  about  M^ 
drafts  where  the  rajhySeafiah  hoflds  ndt  above 3  Months  in  the  Vear, 
and  fometdmes  lef3,  tfaey  ufoally  layaH  die  common  Sridc-iVork  in  a 
loamy  Clay,  and  plaifter  it  over  on  both  fides  with  this  Mortar^ 
which  is  yet  farther  to  t>e  improved.  Thiis^far  for  Building  Mortar. 
Having  your  Mortar  tlaas  prepared^  as  is  before  defcribed,  you  muft 
^awe  fome  of  it,'and  co  ewcry  '.^  iBufhei,  you  are  to  take  the  white  of 
5  or 6  Eggs^  aqd4  Qwheesof  G&f^  (or  ordinary  unfahed  feutter)  and 
9  Pint  of  Buti:cr-milk,  feeaten^ii  well  togetho":  Mix  a  little  of  your 
Mortar  with  this,  until  all  yoitr  Ghee^  Whke^^  of  Eggs,  and  Burter- 
inilk  ha  foaked  up  ;  then  foftea  the  r^ft  well  with  ^ain  frefh  Wi^cr 
and  fo  mix  all  together^  atrd  kq  ir  be  .^Pound,  ^  Trowel  full  at  a 
Time^  ooa^tone,  wUh  a  Stoaie  KbJler,'  in '-the  (knae  manner  that 
Chocolate  is  ufually  m^de,  or  grpuhfl  \ri  England y  and  let  it  ftand 
by  in  a  Trough  far  ufc.  Aad  wihen  you  iife  its  iH  cafe  it  be  too  dry, 
moifttn  it  with  ibme  Water,  or  the  before-mentioned  Liquor.  This 
13  the  fecond  Coat  of  Plaiftering. 

Nate^  When  your  firft  Coxt  of  Plaifterlng  is  laid  oft^  let  it  be  well 
rubbed  on  with  a  hardening  Tiowel,  of  with  a  ftnooth  Brick,  andt 
ftrewcd  with  ^..gritty  Sand,  mtiftphad,  as  occafidfn  retjiiffe?^  "with 
Water^  or  the  ^brifora-menricmed  Liquor,  afad  then  weH  hardened  or^ 
s^gain,  which,  when  half  dry,  talcc  the  laft  mentioned  Compofition 
for  your  fine  Plaiftcring;  and  when  it  is  almeft  dry,  !ay  on  your 
vhitcfling  Vamifli^  taat  if  yjoor  Work 'Ihould  lie  quite  dry,  then 
JKXMV  Cbtnam  Liquor  maaft.  be,  waihed  ovet*  the  Work  wi^H  ^  Bruih. 
The  bcft.  fort  of  whitening  Varniib  is  thus  made.  Take  on?  Gallon 
of  T(?iWyv  a  Ptintbf  BotterrjniUct  and  fo  miicK  ftneCAw^OTi,  or  Lime, 
as fliadl  bepnoj^cr  to  colour ic ;  add' therfewntp' fome  of  the  Cbinam 
Liquor  bcfone- mentioned,  walhi  it  gently  over  therewith  ;  and  when 
ir  is  quite  dried  in,  do  the  fame  again.  And  a  Plaifter  thus  tnade  is 
more  xlurable  than  fome  foft  Stone,  and- holds  the  Weather  -better  in 
ilzifitf, .  than  any  of  the  Bweks  they  mdke  there.  •  hrfome  of  tjic  fine 
Cbtnam  thatisito  chdute  the^  Weather,  *nd  wHere  it  is  Hkply  to  be 
fiibjcft'iocmudi  Raia,  djey'put**  Ci;^«;^  0/7  inftea^^  Gbde\  ^nd 
alfo  in  &riae  they  boil  iheBhrk  (if  ^tbe' Mango-Tree^  and  other  Barks 
«f  aftringenc  Niitures;^  and  Al$^^'  whicfc  grow  here  in  gr^at  Plenty  by 
iIk:  Sea-fhore  v  but  coaJlof  the  fin^  '^()bmom\  that  is  for  puifidc  PlaiA 
..-•.'■'■'  teriag, 
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.tertng,  thiy  pat  Biitter-milfc,  which  is  here  called  9Vjfr^.  And  for 
infide  Work  they  ufe  Giae  made  very  thin  and  Weak,-  iri  ftead  of 
Size,  for  White-walhing,  and  fometimes  they  add  a  littfe  Gum  td  it. 
N.  B.  Whereas  fotrdry  Ingredients  hire  mencioried  are  not  to  be  liad 
in  Etfglandy  h  may  not  be  amifs  to  fubftitute  fqmething  more  plenti- 
ful here,  which  I  imagine  to  be  of  the  fame  Nature.  As  to  all  the 
aftringent  Barks,  I  take  Oaken  Bark  to  bi  as  good  as  any.  Inftead 
of  jiUis^  efthcr  Turpentine,  or  the  Bark  and  Branches  of  the  Sloe- 
tted.  Though  Turpefjlins  be  not  fo  ftrong,  yet,  if  ufed  in  greater 
Quantity  rhay  ferve  lo  the  fame  purpofe.  Bat  there  is  a  fdrt  of  /iloei 
Hepaticay  often  very  clieap.  Inftead  of  Myrobalans^  fotttt  Juice  of 
•  yfiaesi  alfo  inftead  of  7^ig|^ryv  coarfe  Sugar,  or  Molajfes^  will  dbv 
inftead  of  Toddy^  which 'is  a  fort  of  Palm^wine^  the' Liquor  from  chte 
Birch'irce  comes:  near  to  it.  ' '  ^ 

Note^  That  in  Chim^  and  ftnne  othdr  Pares,  they  teffrper  their 
M6rtar  with  Blood  of  any  fort  of  Cattle,  but  the  Ihgrcdienfe  befbfe- 
mentioned  are  faid  to  be  as  binding,  and  do*  ftill  as  well,  and  does  not 
nnakc  the  Mortar" of  fo  dark^a  Cblcur  as  Blood  witt  do.  The  Plaif- 
terittg  abovie  defcribed,  is  thou^hc  in  India,  vaftty  to  eitceeid  atoy  fort 
of  Stttcc^'VOork^  6rP1aifterof  Farts  \  :and  I  have  fe^rta'R0*omdbno- 
^  with  this  fort  of  Terras- Mortar  that  has  fhlly  ccrme  up  tb  thd-befti 
fort  of  Wainfcot  Work,  in  SmoothAefs  and  in  Beafuty: 


'»  ( 


II.  The  Place  where  t|ie  Pfaiiksr  lief  to  be  foftfied -'ifli  ifee/SCdv^e,  OfthemMnmr 
is  between  .two  Briote' Wallki;   ofTuch?  a  lengtln  hei^riarfrf  ^f  of  bending 
apce  from  each  odten,    ayfofice  to  admit  the*  larg^v   («'*Wh(>id^^''?^.^'l.^' 
a  good  number  of  the  fmaller  Sort :   The  bcatOifl  i*  <rf  tMcki  iron^  TfsVfl^ 
Plates,  fuppoftedby  ftrcng'Barsrcpnder.rhe'middW  of  whit  Hi  ^e  beat,  invenud 


two  Fire-^faces,  whofe  Fic*s  carry  thfe  Flame  cowards  the  Ends,  h  Captain 

The  Planks  are  laid  in  Sand  ;  the  loweft  about  fix  or  dight  Incheis  «"p*^/I*"^ 
abov(i  the  Irbnc  Plates,  they  are  well  covered  with  .the  Sartd^.  and  §„  ^^?      ' 


Boards  laid  over  all,  toke^p  in  the  Heat.     The  6ind  is  moifteTied  N0  37i.p'75. 
with  warm  Watcr^  (forwfhach'ptrrpbfe  thej^hav^  a'Cataldrett  adjoia- 
ing  to  the  Stove)  and  it  the  Timber  be  lar^e^  ai(d  ifltehde<|  tb  be- 
very  rtuch  BentV  f6  that  it  nSiflr  lie  long  m  the  SWve,  they  w^ter 
the  Sand  again^  on^e  m  8  or  lo  Hours.     When  ^tis' jtdg^d  ttt  be  fofc 
enougTi,  the  Sand  is  Tcmovfcd ;  amd  the  Wofkftfittfi  c^fy  aW^jr  tlieir^ 
rcfpeftive  Pfanjcs,'  tb  the  ftvcral  Plkfces,^  whtre Wh*^  jire  W'b»f  CifeA  ; 
and^havmg^ift  A^ledoa!  di'fti  BoaflrB  UJoM-the'Oat-fid^,^  t^S'pli^efervfe* 
the  Plank  fcamBruifes,.tbey:f3c  ohdpffit  ifl  Sts^^ofJir  Pla5:<f,  artd' 
bring  to  the  others,  by  any  power  they  cih'vtitia  corMjiilettly  ^p^* 
ply.     This  Work  feems  to  be  performed  with  wonderful  Eafc ;  not- 
withftanding  fome  we  faw  were  fo  knotty,  that  the  Builders  aflured 
us,  diey  could  not  have  brought  them  to  that  Curyature  by  the 
former.  Methods.    Thofe  we  faw  put  in  between  others,  very  exafl:- 

ly 

•  Sioes. 
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ly  fitted  the  Spaces' they ;  had  been  cut  for  ;  and  the  Workmenf  totdt 
us,  they  had  made  no  AJiowance  cither  for  the  fwclling,  ar  Ihrinking 
of  the  Wood. 

This  Method  exccUs  that  of  burning  the  Planks  over  an  open  Fire 
in  fevcral  Refpecls :  particularly,  that  no  part  of  the  Wood  is  dc* 
ftfoyed,  but  remains  of  the  fame  Dimenfions  ;  at  lead  very  nearly  ; 
a  Plank  of  the  Breadth  of  i6  Inches  being  faid  not  to  alter  above 
/^  part  of  an  Inch.  The  Edges  of  the  Plank  are  preferved  •,  and 
confequently  the  Work  muft  be  much  ftrmcr,  and  the  Calking  Jaft 
longer.  The  extraordinary  foftnefs  of  the  Wood,  while  'tis  warrn^ 
makes  it  eafily  bend  to  any  Figure  neceffary  in  Ship-building,  which 
it  holds  very  well,  if  tjwy  have  occafion  to  take  it  off  again  after  it  is 
coH  ;.  Whereas  the'Pl^k  bent  by  burning,  would  ftart  when  loofen- 
cd  i  and  could  only  be  fixed  to  the  Timbers  by  fuch  a  Force,  as  was 
able  to  overcome, the. Refrftanoe  oceafioned  by  the  Spring  erf"  the 
Plank. '  It  likewife  adapts  it  felf  very  readily  to  the  Surface  of  the 
Timbers,  if  they  happen  to  be  uneven. 

They  fhtwed  us  the  Gun^Deck-Clamps  in  a  Ship  of  the  Second 
Rate;  which  are  verj. large  Planks,  bent  and  twifted  in  fo  peculiar 
"a  Manner,  that  they  never  could  by  any  other  Method,  bend  them 
into  that  Eorm,  but  ufed  to  ciit  them  into  Shape. .  The  whole  Ope- 
ration is  performed  ^ith  much  lefs  trouble  to  the  Carpenters,  as  well 
as  at  lefs  Expcnce  ;  as  'tis  evident,  from  the  deep  Tindlure  the  Sand 
receives^  that  a  ton&derable  Quantity  of  S^p  comes  out  of  the  Oak^ 
white  k's:in  the  Stpve:  And,  ai -large  .Blank  was  obferved  by  the 
Workmen, or  Officers  of  the  Xzrd^  Co.  weigh  fcwne  Pounds  Icfi^ 
when  it  was  taken  out 

A  Plank  5  Inches  thick  requires.  5  pr  6  Hours  t^  make  it  fit  for  bend- 
ing; and  the  Time  requifite  for  others,  fcems  to  be  in  a* Duplicate 
Proportion  to  their  Thicknefe, 

l^g.  20f.         .  ^ig^  207.  Reprefents  a  Plank,  in  the  Buttocks  of  a  Second  Rate 
,    ,         Ship,  whofe  length  from  A  to  C,  is  three  Fcetv'andthickncfs  (A  F^ 
44  Inches*  the  End  C,  of  this  Plank  was  bent  12  pr  13  Inches  fron> 
thrftreight  Line  AB.. 

Kg.  108,109.  i5g*  208,  and  209,  are  Seftions  of  the  Stove.  A.  A.  the  Fire-places. 
B.  B.  the  Afli^holes.  C*  C  the  Flews  under  the  Iron  BottonK 
D«  D^  ihe  two  Chimneys.  £•  the  place  for  the  Planks  zftd  Sand*. 
F.  ?•  the  twp  Brick  Walk.  G.  G.  twbiacKncd  Planes,  for  the  Men? . 
to  ftandoDv  (^c.  ^hen  they  put  ia,  or  take  obt  Planks,  or  water 
the;  Sand.  h.  h.  The  bpttpm  of  the.Stovc^  made  of  Iron.  i.  L  The 
Grafe^  to  lay  the  FcwiellW* 
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Printing  in  Colours,  ^5g 

CHAP.      IX. 

PAINTING. 


MR.  Le  J?/(?»  endeavouring  to  fix  the  true  Harmony  of  Colour-  An  Aaount  <f 
ing  in  Painting,  found  that  all  vifible  Objefts  may  be  repre-  -Mr.  James 
fented  by  the  three  primitive  Colours,    Red,  Yellow,  and  Blue  ;  Pif  °P**" 
for  out  of  them,  all  others,  even  Black  itfelf,  may  be  compound-  cM^tf?!^^ 
cd.     We  are  beholden  to  the  great  Sir  Ifaac^  Newton  fyt  the  Dtfi- ing,  <» /w/j" 
covery  of  the  Difference  of  Colours  contained  in  the  Rays  of  the  {^on  of  Paint- 
Sun  ;   and  that  the  Union  of  them  ^11  produces  a  Whiter   wbicb  is '^3*  ^!^^f 
Light  itfelf  tZS'ih 

For  Diftinftion  fake  Mr.  Le  Blon  calls  thofe  Colours  which  are  thefamnuL- 
comprehended  in  the  Rays  of  the  Sun,  Impalpable  Colours,  and  ner,m  Bro- 
thofe  ufed  in  Painting,  Material  Colours.     In  the  Material  Colours,  ^^^-    ^y 
a  Mixture  of  all  three  produces  a  Black  or  Darknefs,  contrary  to^^°J*^* 
what  is  obferved  in  the  Impalpable,  which  I  faid  juft  now  produce  Secret.   N«, 
White.     Mr.  Le  Blon  takes  this  Phaenomenon  to  be  owing  to  the  419.  p.  loi. 
Body  or  Subftance  of  which  thefe  three  material  Colours  confift,  and 
to  the  Particles  of  them  being  Opake,  and  not  Tranfparent ;  for 
they  only  refleft  certain  Rays  of  Light,  that  ftrike  on  their  Sur- 
faces ;  •and  therefore  when  fmall  Particles  of  different  Colours  are 
placed  clofe  together,  if  they  are  fo  fmall  that  each  of  them  cannot  be 
feen  feparatcly  by  the  Eye,  we  do  not  difcem  the  Colour  of  each  par- 
ticular Atom,  but  only  the  blended  reflefted  Rays,  proceeding  from 
the  adjoining  Particles  :  Thus  Yellow  and  Red  produce  an  Orange, 
Yellow  and  Blue  a  Green,  6fr.  which  fcems  to  be  confirmed  by 
placing  two  Pieces  of  Silk  near  together ;  viz.  Yellow  and  Blue : 
When  by  intermixing  of  their  refledted  Rays,  the  Yellow  will  ap- 
pear of  a  light  Green,  and  the  Blue  of  a  dark  Green  ;   which  de- 
ferves  the  farther  Confideration  of  the  Curious. 

He  hath  reduced  the  Harmony  of  Colouring  in  Painting  to  certain 
infallible  Rules^  built  on  this  Foundation :  Whereas,  according  to  the 
common  Praftice  of  Painters,  their  colouring  is  the  Effeft  of  mcer 
Chance  or  Guefs-work  at  firft,  but  improved  by  Experience  5  all 
Painters  uiually  declaring  that  there  can  be  no  certain  Rules  given 
for  mixing  Colours.  Mr.  Le  Blon  publifhcd,  fome  Years  ago,  an 
ingenious  Book  on  this  Subjeft,  intituled,  Coloritto  5  or,  the  Harmo- 
ny of  Colouring  in  Painting. 
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By  thefe  Rules  he  light  on  the  Manner  of  Printing  any  Objecfl  in 
its  natural  Colours,  by  the  Means  of  three  Plates,  and  the  three  pri- 
mitive Colours  •,  an  Art  attempted  and  fought  after  ever  fincc  the  In- 
vention of  Printing,  but  in  vain,  and  thought  impoflible,  till  he  put 
It  in  pradlice  about  15  Years  ^o.  The  Plates  are  engraved  chiefly 
after  the  Mezzo  Tinto  Manner;  only  the  darker  Shades,  and  fome- 
times  the  Out-Lines,  where  they  are  to  appear  very  (harp,  arc  done 
with  a  common  Graver.  Each  Plate  is  not  compleatly  engraved, 
but  only  contrived  to  take  fuch  a  Portion  of  the  Colour  as  is  ncccfla- 
ry  with  the  other  two  Plates,  to  make  the  Pi<5ture  complcat. 

This  Art  of  Printing  confifts  in  fix  Articles. 
1.  To  produce  any  Objeft  with  three  Colours,  and  three  Plates*- 
2.  To  make  the  Drawings  on  each  of  the  three  Plates,  fo  that  they 
may  exaftly  tally.     3.  To  engrave  the  three  Plates,  fo  as  that  they 
cannot  fail  to  agree.     4.  To  engrave  the  three  Plates  in  an  uncom->* 
m©n  Way,  fo  as  that  they  may  produce  3000  and  more  good  Prints. 

5.  To  find  the  three  true  primitive  material  Colours,  and  to  prepare 
them,  fo  ts  that  they  may  be  imprimable,  durable,  and  beautiful; 

6.  To  print  the  three  Plates,  fo  as  that  they  may  agree  perfeftly  in 
/                 the  Imprefljon. 

The  firft  of  which  is  the  mofliconfiderable,  comprehending  the  Theo- 
retical Part  of  the  Invention  ;  and  the  other  five  are  fubfervient  to 
bring  it  into  mechanical  Pradice,  and  of  fuch  Importance,  that  if  any 
one  of  them  be  wanting,  nothing  can  be  executed  with  Succefs  or 
£xa£bie&.  Sometimes  more  than  the  three  Plates  may  be  employed, 
viz,  when  Beauty,  Cheapnefs,  and  Expedition  require  it. 
Weaving  The  Obfervation  of  the  compounded  Colours  reflefted  from  two 

Tapcfliy.  Pieces  of  Silk,  of  different  Colours,  placed  near  together,  firft  gave 
him  the  Thought  of  what  the  Effedk  of  weaving  Threads  of  diffe- 
rent Colours  would  be,  when  all  the  Threads  were  fo  fine,  as  not  to 
be  diftinguifhed  at  a  fmall  Diftance  one  from  another. 

By  the  fame  Principles  of  producing  any  vifible  Objeft  with  a 
fmalf  Number  of  Colours,  he  arrived  at  the  Skill  of  producing  in 
the  Loom  all  that  the  Art  of  Painting  requires.  An  Art  likewifc 
often  attempted,  but  as  often  abandoned,  and  declared  impoflible 
till  now,  as  well  as  the  other  of  Printing  in  Colours.  And  'tis  pro- 
bable, many  Improvements  may  from  hence  be  made  in  fevcral 
Trades,  efpecially  in  combing  of  Wool,  where  the  mixing  of  feveral 
Colours  may  be  of  great  Ufe ;  but  he  hath  not  yet  had  Time  to  ap* 
ply  it  to  any  thing  elfe  befidies  Painting,  Printing  and  Weaving. 

The  Colours  ufed  in  Weaving  being  only  fuperficial,  and  fo  difier* 
ing  from  both  the  impalpable  and  the  material  Colours,  and  not  be- 
ing to  be  fo  clofely  joinjd  or  incorporated  together  as  thofe,  will  not 
of  themfelvcs  produce  a  White  or  Black,  but  only  a  Light  Cimj- 
fnon :  Wherefore,  in  Weaving  he  hath  been  obliged  to  make  ufe  of 

white 
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white  and  bkck  Threads,  befides  Red,  Yellow,  and  Blue  ;  and 
though  he  found  he  was  able  to  imitate  any  Pidlure  with  thefe  five 
Colours,  yet  for  Chcapnefs  and  Expedition,  and  to  add  a  Brightnefs 
where  it  was  required,  he  found  it  more  convenient  to  make  ufe  of 
fcvcral  intermediate  Degrees  of  Colours. 

There  are  two  Ways  in  Ufe  at  Bruffils^  and  at  the  Goblins  in  Paris ^ 
for  making  Tapeftry  after  the  common  Manner :  One  they  call  the 
I  flat  Way,  and  the  other  the  upright.     In  the  flat  W^,  they  have 

the  Warp  ftretched  in  a  Frame  length-wife  of  the  Piece:  It  is  made 
of  white  Worfted,  and  the  Pattern  lies  clofe  under  it  •,   fo  that  the 
Workman  can  fee  the  Figures  through  the  Warp :    He  is  provided 
\  with  Bobbins  of  various  Colours  of  Silk  or  Worfted,  as  the  Piece  re- 

!  quires :  Then  he  takes  up  with  his  Fingers  one  Thread  after  another, 

'  as  they  anfwer  to  any  Colour,  in  the  Painting  beneath;  and  with 

the  other  hand  pafles  the  Bobbin  with  the  fame  Colour,  and  ftrikes 
'  the  Threads  clofe  with  an  Ivory  Comb.     Sone  of  thefe  Frames  are 

made  like  a  Loom,  with  a  Warp  pafled  through  the  Leifhes  and 
Tredles  for  the  Feet,  with  which  they  open  the  Threads  of  the  Warp, 
to  pafs  a  common  Shuttle  through  them,  when  it  is  neceflary  to  make 
a  long  Throw,  as  is  required  in  Grounds,  Pillars,  and  yiU  Uprights. 
In  the  upright  Way  the  Warjj  runs  from  Top  to  Bottom  of  the 
Piece;  the  Pattern  is  placed  upright,  and  clofe  behind  it,  and  the 
^  Out-lines  are  drawn  in  Charcoal  upon  the  Forcfide  of  tKe  Warp. 

The  Work-man  is  placed  with  his  Back  to  the  Light,"  bjr  which 
means  he  can  fee  the  Pattern  better ;  th«i  he  takes  up  the  Threads 
one  by  one,  and  pafles  the  Bobbin,  as  in  tlic  other  V7ay,  and  ftrikes 
it  clofe  with  the  Comb :  All  which  is  near  as  tedious  as  Needle-work 
itfelf;  which  is  the  Reafon  why  fine  Tapeftry  comes  to  fuch  h^h 
Prices,  fo  that  none  but  Princes  care  to  buy  it ;  and  what  can  be 
had  at  a  moderate  Price  is  always  coarfe,  and  of  a  low  Tafte  : 
For  Workmen  who  have  any  good  Notion  of  Painting,  and  are 
capable  of  adjufting  the  Colours,  are  not  to  be  had,  but  for  excef- 
five  Wages;  which  much  enhances  the  Price  likewife:  But  in  Mr. 
Le  Blonds  new  Way  of  weaving  Tapeftry  in  the  Loom  with  a  Draw- 
boy,  Tapeftry  may  be  performed  almoft  as  expeditious  as  fine  Bro- 
^  cades :  For  when  tne  Loom  is  once  fet  and  mounted,  any  common 

>  Draught- Weaver,  though  not  acquainted  with  Drawing  nor  Paint- 

ing 5  nay,  hardly  knowing  what  Figure  he  is  about,  exacSlIy  pro-     " 
duceth  what  the  Painter  hath  reprefcnted  in  4he  original  Pattern  ,  • 

And  thus  a  Piece  of  Tapeftry  may  be  woven  in  a  Month  or  two, 
which,  in  the  common  Way  of  Working,  would  take  up  feverali 
Years :  And  what  in  the  common  Way  cofts  a  thoufand  Pounds : 
may,  by  this  means,  be  afl'orded  finer  and  better  for  a  hundred. 
Therefore,  it  is  likely,  this  woven  Tapeftry  may  become  a  currant 
Merchandize  ;  and  that  many  thoufand  induftrious  Families  may  be 
well  employed  about  it. 

The 
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The  mam  Secret  of  this  Art  confifts  ip  drawing  the  Patterns, 
from  which  any  common  Draught- Weaver  cftn  mount  the  Loom  ; 
and  when  that  is  done^  the  Pifiee  may  be  ,m^e  of  any  Size,  by 
only  widening  the  Reeds  and  the  Warp  ;  and  a  Reveffe  may  be  maae 
with  the  fame  Eafe  ;  which  is  done  bf  the  Boy*s  palling  the  Laihes 
up  a»in  in  the  fame  Order  in  which  he  pulled  them  down  before ;  by 
which  Contrivance  the  Tapeftry  may  be  fuited  to  any  Rooai,  whe- 
thcr  the  Light  coii^  in  on  the  right  Hand,  or  on  the  left. 

The  patterns  are  painted  apon  Paper,  whereon  are  printed  Squares 
from  Copper  .Plates,  and  thefe  fubdivided  by  as.  many  Lines  as  an*, 
fwer  to  the  Threads  of  the  Warp,  rwhich  run  length- wife  of  the 
Piece;    then  they  try  how  many  Threads  of  the  Shoot  anfwer  in 
Breadth  to  every  Subdivifion  o^the  Squares.     Every  Thread  of  the 
Warp  goes  rf^rough  a  fmalj  Brafs  Ring  called  a  Male^  or  through  a 
Loop  in  the  Lciffi,  *nd  hath  a  fmall  long  Weight  or  Lingoe  hung 
below,  to  counter-balqjKTe  tl^e  Packthreads,  which  going  from  the 
Top  of  the  Rirtgs  or  Loops,  ait  paiTed  over  .the  PuJlies  in  the  Table 
diredlly  over  the  Loom,  and  are  continued  nearly  iri  a  Horizontal 
Pofition  oh  one  fide  of  the  Loom,   to  a  convenient  Diftanfce  •,  where 
they  are  all  fpread  on  a  Crofs-piece  fattened  to  two  Staples :  Thefe 
are  called  the  Tail  of  the  Mounture ;  and  from  each  of  thefe  Pack- 
threads, jujt  by  the  fide  of  the  Loom,  are  faftened  other  Packthreads 
'     called  Simples,  which  defcend  to  the  Ground  ;  fo  that  by  pulling 
i.  thefe  fitjipk  Chords,  you  raifc  any  of  the  Threads  of  the  Warp  at 
Pleafurc  \  wherefore .  they  ^Qjen  a  Loop  or  Potlart  to  as  many  of 
thefe  fimple  Chords  as  there  are  Threads  of  the  Warp  to  be  pulled 
up  at  every  Shoot,  or  every  Throw  of  the  Shuttle  ;  by  which  means 
the  Shoot  (hews  itfelf  on  the  right  Side,  where  the  Warp  is  pulled 
up :  And  in  ordering  this,  they  are  guided  by  the  Pattern,  on  which 
they  count  the  Dillances  of  the  Subdivifions,  which  contain  the  fame 
Colours  in  the  fame  Line,  and  can  be  fliot  at  once :  Then  »iJbw  fatten 
Potlarts  to  the  feveral  fimple  Chords  „   that  draw  up  ti^Rings, 
through  which  thofe  Threads  of  the  Warp  run,  which  are^to  lie  be- 
hind this  Colour ;  they  tie  all  thefe  Loops  together,  arid  fallen  a 
Piece  of  Worfted  or  Silk  to  the  Knot,  of  the  fame  Colour  that  the 
Workman  is  to  throw  \  and  the  Boy,  when  he  pulls  each  Loop, 
names  the  Colour,  that  the  Weaver  may  take  the  proper  Shuttle^ 
.    and  fo  on  for  every  Colour  to  be  thrown. 


^he  End  af  the  Tirfi  Part. 
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